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Introduction, 

-00- 

For  a  number  of  years  investirjations  have  been  car- 
ried on  in  this  laboratory  under  the  personal  guidance  of 
Professor  Ira  Remsen  having  as  their  object  the  determina- 
tion of  the  conditions  which  influence  the  character  of  the 
reaction  between  diazo  compounds  and  alcohols. 

In  this  field  investigations  have  been  carried  on  by 
(1)      (2)        (3)      (4)        (5)       (6)     (7) 
Broun,  Palmer,  Orndorff,  Graham,  Pashiell,  Metcalf,  Parks, 

(9)      (10)  (12)       (13)      fl4) 

Shober,   Beesen,  Weida,  Chamberlain,  Bromwell ,  Car-.eron, 

(15  (16) 

lv'oale,and  Franklin. 

These  investigations  have  sho'.vn  that  the  reaction  is 
affected  by  many  things,  among  which  are  the  nature  and  po- 
sition of  tl-;e  substituting  group  in  the  diazo  compounds , the 
alcohol  employed,  the  temperature  and  pressure  under  which 
the  reaction  takes  place,  presence  of  water,  of  alkalis, 
and  of  finely  divided  metals.  The  number  of  cases  thus  far 
studied  is.  however,  comparatively  small  vind  it  ic  impossi- 
ble at  present  to  for-mulate  a  law  or  Iraw  generalizations 

(1)  Am.Chem.Jour.  4-374.   (2)   Ibid.  8-243.   (3)  Ibid.  9- 
387.   (4)  Ibid.  11-319.   (5)  Ibid.  15-124.   (6)  Ibid.  15- 
301.   (7)  Ibid.  15-320.   (8)  Ibid.  15-379.    (0)  Ibid.  16- 
235.   (10)  Diss.  1894.   (11)  Am.  Cliem.  Jour.  19-163.   (12)Ibid 
19-531.   (13)  Ibid. 19-563.   (14)  Ibid. 20-229.   (15)  Ibid. 
20-298.   (16). Ibid.  20-453. 


by  -.vhich  one  can  1  i  11  Imi Inl  in  -.vh^at  way  any  diazo  com- 
pound will  decompose  witli  an  alcohol  under  ,";iven  conditions. 

It  was  this  uncertainty  and  the  desire  on  the  part 
of  Dr.  Remsen  tu  add  another  link  to  the  chain, that  led  him 
to  sut'^f;est  to  me  the  study  of  the  decompositions  of  the  di*^- 
zo  compounds  obtained  from  the  hydrochloric  acid  salts  of 
p.diamido.m.ditolyl  (o-tolidine)  and  r)«diamido~diphenyl  (^.r 
benzidine)  v/ith  th'.^  alcohols. 

The  results  of  this  work  are  recorded  in  the  follow- 
ing pages  which  are  divided  into  an  experimental  and  ce^eral 
part  -  the  former  a  simple  record  of  the  work  actually  done  ■ 
the  latter, historical, and  showing  the  relation  of  this  work 
to  that  which  has  preceded  it. 


I.-  EXP?:RIrIElTTAL  PART. 
A.   Tetrazo^ditolyl  Chloride. 

PREPARATION  OP  70LIDINE  HYDRO CHLORIDEt  -  One  hundred  grams 
of  tolidine  were  placed  in  a  two-liter  evaporatinr^  dish  and 
one  liter  of  water  added.  The  mixture  was  heated  up  and  hy- 
drochloric acid  added  in  considerable  occess  when  the  hydro- 
chloride v/es  fonned  and  went  into  a  clear  red  solution.  This 
solution  resulting  was  decolorized  by  boiling  a  few  minutes 


with  aniii  al  charcoal.   The  clear  solution  is  now  filtered 
off  l;ot  and  yields  the  hydrochloride  on  coolino;  in  crystal- 
line form.   It  was  found  best  to  get  the  rest  of   the  hydro- 
chloride from  the  solution  by  addinf^  concentrated  hydrochlo- 
ric acid  till  no  more  of  the  hydrochloride  was  proci]7itated, 
since  on  boiling  the  solution  to  reduce  its  volume  and  in- 

aj 

strongly  colored  but  also  some  of  the  tolidine   was  precip- 
itated as  the  mono-hydrochloride.   The  salt  when  precipita- 
ted differs  not  materially  in  purity  from  that  obtained  by 
crysta!!  lization.and  fractional  crystallization  gave  products 
differing  from  each  other  very  little  in  this  respect.   The 
hydrochloride  obtained  by  this  method  was  perfectly  white. 
For  working  purposes  it  was  found  best  to  make  the  hydro- 
chloride entirely  by  precipitation  with  hydrochloric  acid  as 
it  was  then  obtained  in  very  small,  fine  crystals  with  which 
the  nitrous  acid  readily  and  completely  reacted. 
It  was  also  found  that  a  better  quality  of  the  diazo  com- 
pound was  obtained  by  using  the  hydrochloride  as  soon  as 
filtered,  when  it  was  still  moist, and  this  was  afterwards 
shown  to  be  due  to  the  hydrochloric  acid  present, as  the  same 
result  was  reached  by  adding  a  few  drops  of  the  acid  w>^en 
the  dry  hyarochloride  was  used.   The  hydrocliloride  if  «3llow- 


ed  to  remain  in  contact  with  tJie  aii-  {];i'adually  becomes  col- 
ored pvirple  on  the  surface,  but  if  it  is  previously  washed 
with  concentrated  liydrochloric  acid  this  power  of  becoming 
colored  in  the  air  seems  to  be  ali'iost  entirely  lost, 

PREPARATION  OF  TETRAZOrPITOLYL  CHLORIDE. - 

The  method  that  was  found  to  work  best  was  the  usual 
one  of  passing  the  oxides  of  nitrogen,  formed  by  the  action 
of  nitric  acid  on  arsenious  oxide,  into  a  thin  paste  of  the 
tolidine  hydrochloride  and  v/ater.   Tho  gases  are  passeel  from 
the  flask  in  which  they  are  formed  through  a  V/olff's  bottle 
placed  in  cold  water  to  condense  any  water  or  nitric  acid 
that  might  distil  over.   In  case  the  hydrochloride  was  ob- 
tained by  crystallization  it  ./as  ground  very  fine  in  a  mortar, 
and  it  was  found  advisable  to  grind  it  v/ith  a  little  water, 
as, when  reduced  to  a  powder,  it  fills  the  atmosphere,  attack- 
ing the  n.ucous  merrijrane  of  the  nose  and  throat, Its  marked 
power  to  produce  sneezing  was  clearly  evidenced.   The  rela- 
tive proportions  of  water  and  hydrochloride  that  were  found 
b'?st  were  about  three  parts  of  water  to  one  of  the  salt.   It 
is  best  to  add  the  hydrochloride  from  time  to  time  as  the  so- 
lution clears  up,  beginning  with  about  half  of  the  amount  to 
be  used.   This  is  necessary  because  t'lere  is  formed  some  in- 


termediate  product  which  stiffens  up  the  i-aste  to  such  an 
extent  that  in  case  thie  whole  amount  of  the  salt  is  used  at 
first, diazotization  becomes  almost  impossible.   Tho  propor- 
tions of  5  to  1  are  about  tliose  which  will  give  a  complete 
solution  of  the  diazo-compound  in  water,   Th'3  diazotization 
was  carried  on  in  cylinders  which  were  placed  in  a  vessel 
containing  water  in  which  pieces  of  ice  were  kept  floating, 
\Vlien  the  diazotization  begins, the  mixture  assumes  a  p;roenish 
color  v/hich  rapidly  changes  to  a  dark  purple  ,and  it  is  at 
this  stage  that  the  amount  of  solid  matter  present  seems  to 
be  greatest,   V/hen  the  diazotization  approaches  completion 
the  solid  goes  in  solution  and  this  quickly  clears  up  to  a 
light  straw  color.   This  is  then  poured  into  about  ten  times 
its  volume  of  ordinary  QS,*".  alcohol  whicii  has  been  previously 
cooled  in  a  freezing-mixture  of  salt  and  ice.   The  diazo 
compound  |at  onceNisj  precipitated  as  a  flocciilent,  yellow  sub- 
stance,  Tlie  vessel  containing  the  diazo  mixture  is  allowed 
to  remain  for  some  time  in  the  freezing-mixture , and  the  tet- 
razo'^ditolyl  chloride  is  then  filtered  off  ^swwi  washed  with 
alcohol  and  ether, and  then  spread  on  drying-paper  and  allow- 
ed to  dry.   For  filtering  it  a  Biltchner  funnel  was  found  to 
be  of  the  greatest  sei'vice  as  a  time  and  labor  saver.   The 
yield  of  the  diazo  compoxmd  by  this  rr.ethod  is  about  80;.  of 
the  theoretical  amount.   The  disposition  of  the  motl.er-liq- 


uor  I'roin   the  precipitation  will   bf?    spokor.  of   later.      r!any 

methods  were  tried  in  t!ie  hopel  of  obtaining  the  diazo  com- 

W 
pound  crystall  inCjiBsci  such  a  result  was  never   reached  ^and  the 

method  described  was  found  to  be  the  best. 


Action  of  tetrazg.7d^^o^y^  chloride  on  absolizte  methyl  al- 
cohol. - 

10  rrai.is   of  the  diazo  compound  were  introduced  into 
a  half-liter  flask  and  200  c.c.  of  absolute  methyl  alcohol 
added.   No  change  was  noticeable  at  room  temperature.   The 
flask, attached  to  a  reflux  condenser  was  placed  on  a  water- 
bath  and  gently  rieated.   The  decomposition  began  only  when 
the  tempex'ature  reached  almost  that  of  the  boiling  point  of 
the  alcohol. and  then  proceeded  smoothly  v^ith  the  copious  ev- 
olxition  of  nitrogen  until  the  reaction  was  completed  and  a 
perfect  solution  resulted.   This  required  about  half  an  hour. 
The  solution  v/as  then  boiled  for  a  f ev/  moments  to  insure 
complete  decomposition.   TXiring  the  whole  opei'ation  no  odor 
of  aldehyde  was  perceptible.   As  the  operation  proceeded  the 
alcoholic  solution  cha:  ged  color  .gradually  dark eninc , until 
at  the  end  it  was  of  a  dark  red  color.   On  allowing  the  so- 
lution to  cool,  crystals  in  the  form  of  reddish  leaves  sep- 
arated, which  were  filtered  off.   Alriost  half  of  the  alcohol 
was  then  distilled , and  on  cooling  a  very  small  crop  of  crya- 


tals  rosuited.   All  of  the  alcohol  v.'as  tlien  rornovod  from  the 
flask  by  distillation  and  vr-ds    of  a  si  ip;ht">)'ycllow  color.   The 
methyl  alcohol  thus  obtained  was  poured  into  a  beaker  and 
six  volumes  of  a  saturated  solution  of  sodium  chloride  added 
but  no  oil  separated.   The  color  of  the  alcohol  was  probably 
due  to  particles  of  the  tarry  residue  mechanically  carrl-^d 
over  during  the  process  of  distillation.   The  tarry  oil  re- 
maining in  the  distillation  flask  was  easily  soluble  in  or- 
dinary alcohol,  but  from  it  nothing  of  value  was  ever  ob- 
tained.  Purification  was  attempted  by  means  of  animal  char- 
coal, but  the  red  color  could  not  be  thereby  removed.   On 
partial  evaporation  nothing  was  obtained  by  crystallization^ 
and  on  completely  evaporating  the  alcohol  tho  same  unpi'omis- 
ing  oil  resulted.   Some  of  this  was  allowed  to  stand  for 
weeks  in  the  hope  that  something  would  crystallize  oiit .  So- 
lidification by  means  of  a  freezing-mixture  was  attempted 
but  it  remained  al\7ays  the  same  tarry  oil.   Some  of  it  was 
put  in  a  distillation  bulb  and  subjected  to  distillation. 
The  residue  remaining  in  the  bulb  after  the  .last  traces  of 
alcohol  and  water  were  removed,  solidified  to  a  black  cake 
but  was  non-crystallino  and  from  it  nothing  could  be  ^-otten. 
It  was  thougfit  that  i.f  tnere  was  any  of  the  hydrocarbon  cor- 
responding to  this  tolidine  which  is  known  to  be  an  oil, 
formed  in  the  decomposition  of  the  diazo  compound,  tdsat  it 


could  bo  separated  from  the  tar  by  distillation  with  wator 
vapor,   r.o  to  the  flask  containinf^  tho  tar  was  added  a  lit- 
tle water  and  then  stean  passed  trirouF^h  tlie  flask  but  no 
oil  was  carried  over  with  tlie  ^-'ater  vapor.   So  it  was  deci- 
ded to  Rive  up  tliis  search  and  seek  more  fruitful  fields. 
The  crystals  which  had  been  obtained  by  the  action  of  meth- 
yl alcohol  on  tetrazof ditolyl  chloride  were  dissolved  in 
ordinary  alcohol,  the  solution  decolorized  with  animal  char- 
coal and  from  this  on  allowing  a  hot  concentrated  solution. 


to  cool,rwas  obtained\the  substancej  in  the  form  of  beauti- 
ful, almost  colorless  leaves.   These  wore  recrystallized 
from  alcohol  until  the  melting-point  became  constant  and 
were  o-b-k  o»^^^^JL/:i^     as  silvery  leaveslmAcluhad  a  sharp  melt- 
ing point  of  145.5  ff.      This  substance  is  insoluble  in  water 
very  sparinj^ly  soluble  i^  cold  alcohol  and  ether,  rather 
soluble  in  boiling  alcohol.  The  difference  in  solubility 
in  alcohol  at  its  boiling.point^ and  a  few  degrees  below  was 
very  marked.   Two  analyses  gave  the  following  results: 

(1)  0.2000gm.  substance  gave  0.1337gm.   H^  oVo.  5801gm.  C0_^. 

(2)  0.  iOOOgm.  substance  gave  0.1336gm.   H^^.  5S12gm.Ca^. 


The  calculated  percentages  of  the  elements  for  demetlioxy- in, 

ditolyl  ,  C  II   (OCH.  )   are  - 

C  -  79.34>'  ,   H  -  7.44;i  ,  0  -  13. 22^ 

calculated-  found- 

'  (1)  '  (2) 

C  79.34  79.10  79.11 

H  7.44  7.43  7.43 

0  13.22  13.47  13.46 

^; 

Tlie   compoiind   analysed   is,   therefore,   divmethoxy-m,di- 
tolyl.C      H      (OCH,)       .      There  are  two   ways    in  which   the  reac- 
tion  botv/een   tetrazocditolyl    c?iloride   and  methyl   alcohol 
miRht   take   place;    first    is   the   one   in  v/hich   in  the  diazo- 
compound,    the  diazo   group   is   replaced  by  hydrogen,    or   the 
so-called    "hydrogen   reaction"   or   secondlyj  the  rrethoxy   res- 
idue  of    the  methyl   alcohol  mir^ht   replace   the  diazo    <^roup   or 
the   so-call3d    "alkoxy"    reaction."      These   two    reactions   are 
expressed   in  the   following   equations: 

(1)  C      H      N      Cl^-f   2CH,  OH      =      C,    H      r    2CH,0    t    2N.t    2HC6 

(2)  C      H      N^CLt    2CH,0H      ^         C,    H,^(0CHJ,     -r    2N,  t    2HC1/ 


It    is   obsei'ved   that    in  the   case   of   the   substances 
brought    together   in  the  decomposition  described   above   and 


in   accordance  v/ith   the   second    equation   and   indeed   tiie  most 
careful   search   fails   to    reveal    any    evidence   thai     the   first 


10 
reaction  takes  place  at  all,  when  this  diazo  compound  is 
treated  with  methyl  alcohol  under  th.e  conditions  n^mes.  It 
'.vas  considered  advisable  to  vary  the  conditions  of  the  re- 
action to  discover  how  the  decomposition  is  best  effected, 
and  also  to  stiidy  the  effects  of  variations  in  temperature 
and  dilution  of  the  alcohol  as  well  as  the  presence  of  cer- 
tain substances  known  to  affect  the  r-eaction. 

T)ecomposition  of  the  diazo  c  om  pound  at  room  temp  era  ture.- 
About  15  grams  of  the  diazo  compound  were  placed  in  a  half- 
liter  flask  and  250  c.c.  of  absolute  methyl  alcohol  added 
and  the  mixture  was  allowed  to  stand  at  room  temperature 
for  two  weeks .alcohol  being  added  from  time  to  time  to  make 
up  for  evaporation.   By  the  end  of  this  time  most  of  the  di- 
azo compound  had  gone  in  solution  and  the  alcohol  had  ac- 
quired a  dark  red  color, but  at  no  time  was  '<n  evolution  of 
nitrogen  noticeable  .neither  was  thf»  odor  of  aldehyde  percep- 
tible. At  the  end  of  this  length  of  time  the  flask  was  at- 
tached to  a  retui'n  conductor  and  the  alcohol  boiled  on  a  wa- 
ter-bath  when  nitrogen  evolved  freely  and  the  reaction  was 
complete  in  half  an  hour.   The  yield  of  the  crude  ether  was 
a  little  over  4  grams  but  was  not  as  pure  as  that  made  from 
the  decomposition  of  the  freshly  madt?  diazo  comround.   All 
efforts  made  to  obtain  the  hydrocai-bon  from  the  alcohol 
which  was  distilled  off  as  well  as  from  the  res- 
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idue  in  the  distillation  flisk  wore  as  futile  as  those  in 
the  previous  taxporiinent , 

Decomposition  of  the  diazo  co:nround  at  the  boilinp:  temper- 
ature of  methyl  alcohol. - 

Fifteen  grams  o^  the  same  diazo  compound  XKj^^y^jy  <AjU- 
composed  with  absolute  methyl  alcohol  at  the  boiling  temper- 
ature of  the  alcohol.    The  decomposition  was  completed  in 
half  an  hour,  the  evolution  of  nitrogen  being  rapid, and  the 
solution  turning  red  as  before.   Almost  4  grams  of  the  ether 
were  obtained  which  was  not  as  deeply  colored  as  that  obtain- 
ed in  the  preceding  experiment.   As  before  ^  no  other  product 
was  isolated  and  it  seems  that  no  other  reaction  than  the 
"methoxy"  one  takes  place  in  this  decomposition.   It  was 
next  thought  best  to  see  what  effect  5  dilution  of  the  alco- 
hol with  yater  v/ould  have. 

Pecomposition  of  the  diazo  compound  with  dilute  methyl  al- 
cohol - 

23  grams   of  the   diazo  cornpoixnd.were  decomposed   with 
methyl   alcohol   diluted   with  5;i  of   its   vol-ome   of  water.      This 
was   accomplished    in  the  usual   manner  by   heating   the  mixture 
to   the  boiling-point   oi»  the   alcohol   wlicn   the  decomposition 
proceeded    smoothly   and    >:iuickly.      On   cooling    ther<?  was   ob- 
tained  a   weight   of  the    ether   of   a   little   over   five   ^rams. 
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The  :'eHction  was  not  as  clean  as  in  the  cases  in  wb.ich  the 
absolute  alcohol  was  used,  the  solution  being  more  deeply 
colored  and  tlie  pt'oduct  more  impure.   IS  c^^^ms  oi'  ^^"   diazo 
compound  woro  deconposod  with  methyl  alcohol  diluted  with  Id 
of  its  volume  of  v.'ater,and  the  decomposition  effected  exact- 
ly as  before.   The  results  were  in  every  way  similar.   The 
yield  was  4  l/z   grams  of  the  ether.   After  this  many  other 
similar  experiments  were  carried  on.   The  v/ater  solution  of 
the  diazo  compound,  after  the  diazotization  was  completed 
was  added  to  ten  times  its  volume  of  methyl  alcohol  and  the 
diazo  compound  decomposed  in  the  usual  way.   The  percentage 
of  the  ether  obtained  was  in  every  case  nearly  the  same. 
When,  however,  the  percentage  of  the  v;at  er  was  as  high  as 
40;;  to  50;;,then  the  yield  of  the  ether  was  materially  dimin- 
ished and  the  amount  of  tarry  products  relatively  greater. 
In  all  cases  of  dilution  the  product  was  not  as  pure  as  in 
those  cases  in  which  the  absolute  alcohol  was  used, so  that 
although  the  yield  was  not  materially  better  when  the  abso- 
lute alcohol  was  used  than  in  those  cases  in  which  the  alco- 
hol was  diluted  to  within  20X  of  its  volume  vdth  water,  yet 
the  absolute  alcohol  method  was  finally  adopted  to  the  ex- 
clusion of  the  others, as  the  alcohol  was  ready  for  another 
decomposition  as  soon  as  distilled  off, and  the  reaction  by 
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this  method  was  cleaner  in  every  way.   I  decomposed  in  this 
way  ISO  p;rams  of  the  diazo  compoimd  from  which  was  obtained 
Rt   yield  of  42  grains  of  the  crude  ether  which  when  purified 
gave  53  grams  of  the  pure  dimethoxy^m.ditolyl.   I  will  de- 
scribe in  detail  one  experiment  in  which  the  weighings  wore 
very  carefully  made ^ and  in  which  the  decomposition  was  ef- 
fected in  the  manner  that  -vas  found  best.   oO  grams  of  toli- 
dine  hydrochloride  was  ground  very  fine  in  a  mortar  with  wa- 
ter.  Plalf  of  this  was  put  in  a  cylinder  and  150c.  c.  of  wa- 
ter added  (the  whole  amount  of  water  used  was  190c. c).  This 
was  cooled  in  a  bath  in  which  was  water  containing  pieces  of 
ice.   A  rapid  current  of  the  oxides  of  nitrogen  was  then 
passed  into  the  mixture  and  the  rest  of  the  hydrochloride 
added  in  portions  as  the  solution  began  to  clear  up.   At  the 
expiration  of  half  en  hour  the  diazotization  was  completed 
and  a  clear  yellow  solution  of  the  diazo  salt  in  water  re- 
sulted.  This  was  poured  with  stirring  into  two  liters  of 
ordinary  alcohol  v^hich  had  boen  previously  cooled  in  a  freez- 
ing~mixture.   The  diazo  compound  was  at  once  precipitated  as 
a  flocculent  yellow  substance.   In  half  an  hour  this  was 
filtered  off,  washed  with  absolute  alcohol  and  ether  and  al- 
lowed to  dry  on  drying  paper.   43  grams  of  tetrazo  ditolyl 
chloride  were  thus  obtained.   This  was  placed  in  a  flask 
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having  a  capacity  of  one  liter  and  a  half  ^  and  TjOOcc.  of  ab- 
solute methyl  alcohiol  added.   The  flask  attached  to  a  reflux 
condenser  was  put  on  a  water-bath  ,and  the  mixture  heated  to 
the  boiling-point  of  the  alcohol  for  half  nn   hour  when  the 
decomposition  was  complete.   There  were  obtained  11.5  f;rams 
or  34;*  of  the  theoretical  yield  of  dimethoxy.  m^ditolyl  .which 
when  purified  gave  9.8  grams  ^or  29^  of  the  theoretical  amount 
of  the  pure  substance.   The  disposition  of  the  alcoholic 
filtrate  from  the  precipitation  of  the  diazo  compound  will 
be  spoken  of  when  the  preparation  of  dimethoxy  jn^ditolyl  is 
taken  up. 

Decomposition  of  tetrazo-m^ditolyl  chloride  with  ethzL  al- 
cohol^- 

20  grams  of  the  diazo  com  pound '.vere  placed  in  a  half 
liter  flask  and  200c,  c,  of  absolute  ethyl  alcohol  was  added, 
and  lYie    diazo  compound  decomposed  at  the  boiling  temperature 
of  the  alcohol.   Throughout  the  operation  aldehyde  was  given 
off  and  easily  recognized  by  its  odor,  and, after  the  reac- 
tion vas  complet  ed,  the  alcohol  smelled  strongly  of  it.   On 
allowing  the  alcoholic  solution  to  cool ^ crystals  were  obtain- 
ed which  resembled  those  obtained  by  the  decomposition  of 
the  diazo  salt  with  methyl  alcofiol.   From  20  grams  of  the 
diazo  comixjund  2  1/4  grams  of  the  crude  product  were  obtain- 
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ed.   The  alcohol  \Yas  then  distilled  off  and  six  times  its 
volume  of  a  saturated  solution  of  sodium  chloride  was  added 
but  nothing  was  obtained  in  this  way.   The  tarry  oil  in  the 
distillation  flask  was  then  si;bjected  to  distillation  in 
steam ^and  a  few  drops  of  a  yellow  oil  wore  obtained.   From 
th.e  tar  remaining  in  the  flask  nothing  further  was  ever  got- 
ten.  These  experiments  were  repeated  many  times, and  the 
yields  were  relatively  ahoiit  the  same  in  every  case.   The 
amount  of  the  oil  formed  v/as  never  determined  accurately  be- 
cause it  was  volatile  with  difficulty  v/i  th  steam  , but  appear- 
ed to  be  formed  in  nearly  the  same  amount  as  the  crystalline 
solid.   In  water  the  oil  sometimes  remained  at  the  top,  some- 
times sunk  to  the  bottom  and  often  remained  suspended 
throughout  the  liquid  shov/ing  its  density  to  be  about  the 
same  as  that  of  the  water.   After  a  sufficient  amovint  of  it 
had  been  obtained  ,it  was  taken  up  from  the  water  with  ether, 
dried,  and  subjected  to  distillation.   It  passed  over  almost 

fd 

has  a  specific  gravity  of  0.9993  at  16  .   This  substance  was 

(1) 
discovered  by  Schultz   in  1P.84,  who  obtained  it  as  one  of 

the  products  of  the  action  of  nitrous  acid  on  an  alcoholic 

solution  of  Qr-tolidine.   Ke  describes  it  as  a  yellow  oil 

boiling  at  2ol'^  ,which  by  oxidation  with  potassi\im  bichromate 

and  sulphuric  acid  yields  isophthilic  acid.   Fy  careful  ox- 
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idation  in  acetic  acid  solution  with  tlie  calculated  amount 

of  chromic  acid  he  obtained  a  new  acid,  dit.phenyl- di-m^car- 

(i) 
boxylic  acid  melting  at  193°.   In  1S88,  Stolle   repeated 

Schultz's  v/ork  and  made  many  derivatives  uf  this  hydrocar- 
bon.  He  /^ave  as  its  boiling  point  2'i9°.   A  short  v/hile  af- 

(■6) 
terwards  Perrier   succeeded  in  oxidizing  one  of  the  methyl 

groups  by  means  of  nitric  acid  (s  .gr.rj.4)  and  obtained  the 
mono-carboxylic  acid  of  m-ditolyl.   The  crystalline  solid 
which  had  been  obtained  in  these  decompositions  •■■as   dissolv- 
ed in  alcohol , and  decolorized  with  animal  charcoal.   It  is 
not  as  soluble  in  alcohol  as  is  the  product  obtained  from 
the  decomposition  with  methyl  alcohol ^and  the  difference  in 
solubility  at  the  boiling  temperature  of  alcohol  and  a  few 
degrees  below  is  even  more  marked  than  is  this  difference 
with  di'^ethcoxy.  m.ditolyl.   It  is  insoluble  in  water  and 
practically  insoluble  in  cold  alcohol  and  ether. 

On  cooling  of  the  alcoholic  solution  it  crystallizes  in 
beautiful  p  ::arly  plates  melting  sharply  at  ir)4°.   This  com- 
pound was  therefore  supposed  to  be  di-^ethoxy-m^ditolyl  .first 
obtained  by  Schultz,  by  the  action  of  nitrous  acid  on  an  al- 
coholic solution  of  o.tolidine.   He  gives  the  melting  point 
as  156  •   About  two  :/ ears  later  the  same  substance  was  made 

(1)  Ber.d.Chem.nes.  17-468. 

(2)  Eer.d.Chom.  Ges.  21-1096. 

(3)  C.R, ,  114-484. 
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by  Hobbs   by    tre«itnient    ol"   tlie   potassium  salt    of  di^hydroxy- 
iTu-ditolyl   wit'n    ethyl    iodide.      In  order   to   become  pori'octly 
cer-tain  of   the   identity   of   tiiis    compound   it   was    analysed. 
Diothoxy_m^ditolyl    is   composed  of   C    -   8O.OOX     H   -    8,1>   and 
0   -    11.9,.   .      The   i-esults   of   three   analyses   follow: 

(1)  0.2000gm.    substance   gave   0.145gm.      U^O    and  0.5SS5gm.    CO^j^^ 

(2)  0.2000gm.    substance   gave   0.1451gm.    H^O    and   0.5916gm.    CO^- 

(3)  0.2000gm.    substance   gave   0.1444gm.    H^   and   0.5S86gm.    CO^- 

calculated  . 

C  80.0 

H  8.1 

0  11.9 

Thus  it  is  seen  that  v/hen  tetrazo-m.ditolyl  chloride 
is  decomposed  with  methyl  alcohol  the   "alkoxy  reaction"  on. 
ly  takes  place  while  , in.- t-he-4Tfgt-gbno¥-"--$n  wH-t^h  the  decomposi- 
tion of  the  diazo  compound  iS  effected  with  ethyl  alcohol ^ 
both  the  "hydrogen"  and  the  "alk  oxy"  reaction  takes  place. 
The  reaction  v/ith  ethyl  alcohol  is  not  as  clean  as  rhat  in 
which  methyl  alcohol  i$  used,  neither  are  the  products  form- 
ed in  as  large  amount  except  those  of  a  tarry  natii.re  which 
are  relatively  greater.   DGCOmpo  sit  ions  of  tlie  diazo  com- 
pound, v/ith  ethyl  alcohol  under  varying:  conditions  of  temper- 
ature and  dilution  of  the  alcohol. 


(1) 

found  . 
"(2) 

(3) 

80.25 

80.70 

80 .  30 

8.05 

8.10 

8.00 

11.70 

11.30 

11.70 
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Some  or   the   diazo    coinj)ound  was   allowed   to   stand   in 
contact   with   absolute   ethyl   alcohol   for   two    weeks,      Tho  odor 
of   aldehyde   was   noticeable   at    any   time   if  the  mixture   was 
shaken  up   but   at   the   end  of   this    time   the  greater  part   of 
the  diazo   compound  was   still  undecomposed  ,al  thoup;h  much  of 
it   had  undergone   ijome    change  as   was    eici±Eiic=«d  by   t'le   deep- 
red   color  of   the  solution.      The  flask    containing   the  par- 
tially  decomposed  diazo    compound  was   attached   to   a  reflux 
condenser   and  the   alcohol   heatod   to    its   boiling-point ^ when 
nitrogen  was   freely   evolved   and   the  decomposition   complete<i-. 
The   diethoxy_rn.jditolyl   and  nj^ditolyl  were    separated  as  be- 
fore  and    their   relative   amounts   were   the  same   as   found  be- 
fore.     The  decomposition  was    effected  with  ordinary   STj.^  alco- 
hol  by   the  usual  method  of  heating   to    the  boiling-point   of 
the   alcohol.      The   yields   were   the  same   as   before,      f'any    ex- 
periments  were    carried   on   v/ith  varying   dilutions,  as    the  re- 
sult  of  which   it   was   found   that    the    relative  amounts   of  the 
oil   and  crystallised  jolid  were  not   materially   affected   by 
diluting   the   alcohol  ur    to    20>  of -^t^=^a4^  volume  with  water,  and 
also    the   total   yields   were   about    the    same.      The  resulting 
solution   in   tliese    cases   was   of  a   dark    red   color   and   the   re- 
action  seems   to   be  as    clean   as    when   absolute   ethyl   alcohol 
is   used.      \'/hen   the    alcohol    is   diluted   with  more   than    20;i  of 
its   volume   of  water   the  yields   of  m^^itolyl   and  diethoxy-ir^ 
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ditolyl  diminish  and  with  increasing  dilution  the  reaction 
is  less  clean  and  the  amount  of  tar  formed  fr;reater,   i":ost  of 
tlie  dlethoxy^m^ditolyl  used  in  tb.is  investigation  was  made 
as  a  by-product  in  the  preparation  of  dimethoxy.m. ditolyl. 
The  alcohol-water  mixture  from  which  most  of  the  di azo  com- 
pound had  precipitated  v/as  poured  into  a  flask  of  convenient 
size,anr\  the  remaining  diazo  compound  decomposed  by  heating 
tlie  solution  on  a  v/ater-bath.   Half  of  the  alcohol  was  then 
distilled  off  and  when  the  solution  ts  allowed  to  cool  the 
diethoxy-iruditolyl  crystall  izesL  out ,  The  m*ditolyl  was  not 
separated  from  the  residue  in  flask  because  of  the  difficul- 
ties  attending  such  an  operation  , and  more  especially  because 
another  method  of  preparing  this  'JfB.s   discovered  by  which  it 
could  be  obtained  in  any  desired  a;  oimt  and  in  alr.ost  quan- 
titative yield.   It  "-as  thou':;ht  that  the  products  resulting 
from  the  action  of  nitric  acid  on  these  phenol-ethers  would 
prove  of  interest  so  our  attention  was  next  turned  to  them. 

Action  of  nitric  acid  on  di^ethCoxy-m-ditolyl.- 

In  a  test-tube  some  of  this  ether  was  put  and  dilute 
nitric  acid  added.   The  action  was  very  slov^  even  on  boiling 
the  acid, while  at  ordinary  temperature  there  was  no  action 
at  all.   The  same  experiment  v/as  tried  with  concentrated  ni- 
tric acid  and  on  heating  the  mixture  slightly  the  reaction 
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proceeded  snoothly,  until  all  th   ether  nad  r.orxo   into  a  red 
solution.   On  the  addition  of  v/atcr  quite  a  voluminous  yel- 
low precipitation  resulted.   Some  of  the  di-methoxy-m^ditolyl 
was  treated  with  fiuning  nitric  acid.   The  reaction  was  very 
violent,  the  acid  consuming  the  ether  greedily, and  much  heat 
was  generated  by  the  reaction.   On  the  addition  of  water 
some  of  the  yellow  precipitate  was  tlir'ovm  down  but  the  yield 
'.vas  not  neaiL  as  good  as  that  from  the  previous  experiment  as 
the  fuming  nitric  acid  oxidized  a  large  part  of  the  ether. 
The  action  v/ith  concentrated  nitric  acid  was  found  to  give 
the  best  results  so  this  method  was  used  in  the  preparation 
of  the  nitro- compound.   10  grams  of  di-^meth^xy,  m..ditolyl 
were  thus  treated  in  small  portions  with  concentrated  nitric 
acid.   At  first  tlie  action  was  energetic  ^lieat  being  evolved. 
When  this  first  action  was  over  the  mixture  was  heated  until 
the  I'eaction  was  complete  and  all  of  the  ether  had  gone  into 
solution.   V/hen  water  was  added  ^the  nitro  product  precip- 
itated  as  a  pasty  mass  which  hardens  when  shaken  with  v;ater. 
This  was  filtered,  washed  .vith  water,  and  after  drying  was 
dissolved  in  alcohol  in  which  it  is  very    soluble,  decolori::- 
ed  with  animal  charcoal  and  recrystalli"ad  from  alcohol  until 
a  constant  melting-point  was  reached.   When  a  cold  alcoholic 
solution  not  quite  concentrated  Mtejse  allowed  to  stand  until 
the  product  crystallized  o\it,  it  was  obtained  in  straw-colored 
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rhombs ^ but   on  allowing   a  hot    concentrated   solution   to    cool 
the  nitro-product    was   obtained   in  beautiful   straw. colored 
needles.      The  melt  ing -point   of  bo  J:h  was   the   same,    that    is, 
150.5°  .      Three   determinations   of   nitrogen  according   to    the 


trated  nitric  acid  on  dirmethooxy-m.ditolyl  we  got  totra- 
nitrocdiometh'coxy-mrditolyl  for  which  the  formula  is 

C  H,  0^  (110^  )   .   It  was  desired  to  obtain  enough 
of  this  to  convert  it  into  its  amido  derivative  and  study 
that  compound  but  enough  of  the  tetra-nitro  product  was  not 
obtained  , and  this  special  line  of  work  was  given  up  for  the 
present.   The  yield  of  the  tetra?nitr(r^dimeth^xy-m.-ditolyl 
from  tire   grams  of  dimeth-oxy  m.ditolyl  was  4  1/2  grams  of 
the  purified  substance. 

Action  of  nitric  acid  on  diethoxy-  m>^itolyl-  - 

It  v/as  found  by  treating  small  portions  of  the 
ether  in  a  test— tube  with  dilute,  concentrated , and  fuming 
nitric  acid  ,that  the  best  yield  of  the  nitro  product  was 
obtained  by  the  action  of  fuming  nitric  acid  without  any 
heat  but  tliat  generated  by  the  reaction.  V/hen  concentrated 
nitric  acid  was  used  as  was  found  best  in  the  case  of  the 
nitration  of  dimethoxy-m.ditolyl , it  was  necessary  for  a  com- 
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plote  reaction  to  heat  the  nitric  acid  to  its  boiling-point 
for  'iuito  a  while  in  which  case  most  of  the  ether  was  ox- 
idized and  little  of  the  nitro-product  obtained.   Fine  z^SLms 
of  diethoxy-m^ditolyl  were  treated  in  a  lai'ge  test-tube  with 
fuming  nitric  acid  until  it  went  into  solution.   The  change 
was  accompanied  witii  the  evolution  of  heat  and  v/as  coinpleted 
in  from  two  to  three  minutes.   Water  was  then  added  until  no 
more  of  the  nitro-compound  wcttid  precipitate^  on  further  ad- 
dition.  The  precipitate  v/as  then  filtered,  v/ashed,  dried, 
dissolved  in  alcohol,  decolorized  with  animal  charcoal, and 
recrystallized  from  alcohol  until  the  melting-point  became 
constant  and  sharp.   This  substance  is  very  soluble  in  alco- 
hol, from  which  it  crystallizes  as  in  the  case  of  tetra^nitro- 
dimeth^oxy-m^ditolyl  in  rhombs  or  needles  depending  on  con- 
ditions.  The  substance  is  of  a  straw  color  and  the  neodles 
resemble  dinitro-benzene  very  much.   The  molting-point  of 
this  substance  is  142°  .    The  compound  was  analysed  by  a 
determination  of  its  nitrogen.   Three  analyses  gave  12.9;., 
12. SX  and  12. 6^  as  the  percentage  of  nitrogen  contained^ 

which  corresponds  to  the  formula  C  H   0   (NO^  )^  ,  trjtra- 

ti    li    i^        ^    1 

nitroj^diethoxy- m^ditolyl  in  which  the  percentage  of  nitrogen 
is  12.45.7o. 


23 


PREPARATION  OF  DIHYDROXY-~!!>PITOLYL  OR  0-,DICRESOL.  - 
(1)  (2) 

In  1RS8  Gerber   and  Hobbs    prepared  this  sub- 
stance by  boiling  a  water  solution  of  titrazo-mrditolyl 
chloridSjand  obtained  it  in  the  form  of  large, broad  needles^ 
melting  at  157  ,   It  was  thout-^ht  well  to  repeat  these  exper- 
iments.  It  was  found  th'it  unless  the  solution  was  vovy   di- 
lute very  little  of  the  o»dicresol  was  formed  and  that  a  few 
drops  of  sulphuric  acid  increased  the  yield  of  that  substanct 
I  will  describe  an  experiment  in  •vhich  the  proportions  were 
such  as  to  give  the  best  yield  of  the  jo».dicresol.   Ten  grams 
of  tolidine  hydrochloride  were  diazotized  in  the  usual  man- 
ner.  The  water  solution  oi"  the  diazo-compound  was  poured 
into  a  throe  liter  flask  and  1800c. c.  of  water  added.   After 
the  addition  of  a  few  drops  of  sulphuric  acid  the  whole  was 
boiled  for  fifteen  minutes.   On  cooling,  the  tar  formed  be- 
came attached  to  the  sides  of  the  flask,  and  fr-om  the  clear 
solution  the  o-.dicresol  was  obtained  in  tho  form  of  large 
broad  needles.   The  yield  was  2  l/2  grams.   The  crystals 
were  further  purified  by  crystallization  from  bo iling  water, 
and  melted  sharply  at  155°.   O^dicresol  is  very  soluble  in 
alcohol  I  and  remains  in  solution  as  long  as  any  alcohol  re- 
mains.  Wien  th.e  alcohol  has  all  evaporated  the  o^dici-esol 
is  obtained  as  plates  , always  of  a  brown  color.   A  wator-al- 

(1)  Eer.  d.  Chem.  Ges,  21-749 

(2)  Ber.  d.  Chem.   Ges.  21-1065. 
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cohol  mixture  was    found   to   be   an    excollent   solvent    J'or  the 
o^dicresol  ^froir.  which   it  ci-ystallized  perfect ly  white   in  nee- 
dles.     It   was   thou/Tht    that    it   would   be    interesting   to   attempt 
the   preparation  of  o^dicresol   by   Graebe's   method  for  the 
prepamtion  of   phenols   by    the   action  of   the  halogen   acids  on 
phenol    ethers    in  sealed   tubes   at   high   temperatures.      5   gnswis 
of  dimethoxy-mrditolyl   were  mixed  with  10c. c.    of   concentra- 
ted hydrochloric   acid , and   the  mixture  put    in   a  glass   tube 
which    was  sealed  up   and  heated   to    225°   for   three  hours,    When 
the    tube   was   cold   it    was   opened   and   the   contents    removed. 
The   solid   which  was   filtered  off  was   black   from  the  separa- 
tion  of   carbon   eviianin!  1,fe,p;   too   high  heating.      None  of   the  di- 
methoxit-mr^itolyl   remained  unchanged  ,but    a   substance   result- 
ed very  soluble    in  alcohol   and    ether,    soluble   in  boiling  wa- 
ter from  which  on   cooling   it    crystallized  in  large  broad  nee- 
dles  which  when  purified   and   rsor-ygtal-liHod  melted   at    156. 
The   melting-point,    solubility    in  different    solvents^ and   form 
of    crystals   made   it   so   probable   that    the  substance  formed 
was  ^vdicresol    that    analysis   was   considered  unnecessary, 
10  grams   of  the   same   ether   together   with   20c, c,    of   concen- 
trated hydrochloric    acid  were    put    in   a   tube   which  was   sealed 

o 
and  heated   to   iiOO   for   5   hours.      There  was  very    little   sep- 
aration of    carbon  and  the   reaction  was    complete.      3   1/2 
grains   of  the   purified  o.-dicresol   were    obtained,    the   crystals 
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melting  at  155 


Action  of  sodium  methylate  on  the  diazo-coiH''Ound.  - 

20  grams  of  tetrazo-ditolyl  chloride  were  decom- 
posed by  a  solution  of  sodium  methylate  in  methyl  alcohol. 
The  sodium  methylate  was  prepared  by  dissolving  15  grams  of 
clean  bright  metallic  sodium  in  250c. c.  of  absolute  methyl 
alcohol,  the  alcohol  being  kept  in  ice  water  while  the  reac- 
tion was  going  on.   This  solution  was  used  for  the  decompo- 
sition of  the  diazo- compound.   It  was  put  into  a  flask  and 
cooled  by  a  freezing-mixture.   The  diazo- compound  was  added 
in  small  portions  from  time  to  time,  and  the  mixture  well 
shaken.   The  action  took  place  energetically.   Nitrogen  was 
freely  evolved , and  a  rise  in  temperature  followed  each  addi- 
tion of  the  diazo-compound.   For  the  decomposition  of  the 
20  r;rams  of  the  diazo- compoimd  about  15  minutes  were  requir- 
ed.  The  temperature  was  kept  below  20°  .   The  solution 
turned  red  at  first, and  finally  almost  black  and  much  tarry 
matter  separated.   After  the  decomposition  was  over, the  meth- 
yl alcohol  was  distilled  off , and  the  contents  of  the  flask 
subjected  to  distillation  with  steam.   Drops  of  an  oil  wore 
thus  carried  over  which  was  taken  up  in  ether,  dried  and 
distilled.   It  was  easily  recognized  as  m^ditolyl.   This  oil 
is  not  very  volatile  with  steam  and  it  is  almost  impossible 
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to   separate   all   of   it   from  tlie   tar  by   this  means.      The   yield 
of  the  crude  m.-ditolyl   was   i'ive   grams. 

Action  of  methylj^alcohol   on   the   diazo- compound   in  the  pres- 
ence of  sodiumy^hydroxide  ■  - 

20  grams   of   tetrazo-m^ditolylf chloride  were  de- 
composed with  200c.  c.    of   absolute  rnethyl-talcohol    in  which 
10   grams    of   sodium^hydroxide  had  been  dissolved.      As   before, 
the   alcohol  was    cooled   in   a   freezing-mixture , and    the   diazo- 
compound  added   in   small   portions.      The  reaction  proceeded 
ex^.ctly   as    in  the  preceding   experiment,    the   reaction  being 
very   energetic,   almost   violent,    the   alcohol   warming  up,    the 
solution  darkening  I  and   tar  separating  out   as  before.      As 
soon   as   the   reaction  was    completed   the   alcohol  was  distilled 
off  and   the   residue   distilled   in   steam,      mliitolyl   passed 
over  which  was   separated  from  the  water  with    ether.      5   l/2 
gi'ams   were   thus   obtained.      In  both  of  these   experiments   as 
was   to   be  expected  from  the  vrovk   of  Beeson  and   that   of  oth- 
ers   in   this    laboratory   the    "hydrogen   reaction"    took   place. 
A  diligent      search  was  made   for  any   ether   that   might   have 
been  formed  but    tmoh-a   search  was   fruitless. 

Action  of  methylffalcohol   on  the  diazo-compound   in   the   pres- 
ence of   zinc   dust. - 

10  grams   of  the  diazo-compound  was   put    in    a   flask 
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containing  10  grams  of  zinc  powder  and  100c. c.  of  absolute 
inethyljl^alcohol.   There  was  no  immediate  action  though  the 
solution  darkened  gradually  and, on  shaking  a  slight  evolu- 
tion of  nitrogen  was  observed,  but  the  decomposition  was  ve- 
ry slow.   After  standing  for  24  hours  rnoJt  of  the  diazo- 
compound  remained  undocomposed.   The  flask  containing  the 
mixture  was  then  attached  to  a  return-condonsor  and  heatod  Tip 
on  a  water-bath.    The  decomposition  proceeded  smoothly  and 
when  the  reaction  was  over^the  solution  was  of  a  light  yel- 
low color.   This  was  filtered  to  remove  the  zinc  dust  and 
then  the  methyl^alcohol  distilled  off.   There  remained  in 
the  distillation-flask  a  dark  red  oil  which  was  distilled  in 
steam,  separated  from  the  water  by  ether^and  the  yield  from 
10  grams  of  the  diazo- compound  was  4  l/2  grams  of  crude  m.- 
ditolyl.   In  this  decomposition  there  was  no  formation  of 
anything  of  a  tarry  nature, and  the  reaction  was  perfectly 
clean.   In  this  as  also  in  the  decompositions  in  the  pres- 
ence of  sodiioniT^hydroxide  and  sodiumftmethylate  a  strong  odor 
resembling  aldehyde  was  noticed  which  was  probably  pajralde- 
hyde.   \Vhen  10  grams  of  the  diazo-compound  v/ere  decomposed 
with  ethyl->alcohol  in  the  presence  of  zinc  dust,  the  decompo- 
sition took  place  in  exactly  the  same  manner  as  when  methylW 
alcohol  was  used.   At  the  end  of  the  operation  the  solution 
cleared  up  to  a  light  yellow.   The  yield  of  m»ditolyl  from 
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the  10  grams  of  the  diazo-cornpound  was  4  grams.   It  was 
thoufjlit  advisable  to  make  quite  an  amount  of  the  rri,-ditolyl 
and  repeat  to  some  extent  the  experiments  of  Schultz.   100 
grams  of  tolidine^t'hydrochloride  were  diazotized,  and  the  di- 
azo-compound  precipitated  in  the  usual  manner.   The  diazo- 
compound  was  decom];osed  with  methyl/falcohol  in  the  presence 
of  zinc  dust.   The  clear  yellow  resulting  solution  was  fil- 
tered from  the  zinc, and  the  alcohol  distilled  off.   There 
remained  in  the  flask  a  considerable  amount  of  a  reddish  oil, 
To  the  water-alcohol  mixture, from  which  the  diazo-conpound 
had  been  precipitated  and  which  was  already  of  a  reddish 
color, zinc  dust  was  added,  the  flask  attached  to  a  return 
condenser , and  the  mixture  boiled.   The  decomposition  of  the 
diazo- compound  therein  remaining  was  thus  effected^ and  the 
solution  cleared  up  as  in  the  cases  with  absolute  alcohols 
to  a  light  yellow.   The  zinc  dust  was  filtered  off  and  most 
of  the  alcohol  removed  by  dist  illat  ion,  v/hen  an  oil  separated 
out  which  was  removed  with  a  s eparating, funnel ^and  added  to 
that  obtained  from  the  decomposition  with  absolute  methyl- 
alcohol  and  zinc  dust.   The  oil  was  then  taken  up  in  ether, 
dried  with  c  alcium-jfchloride  and  distilled  from  a  distilla- 
tion-flask of  appropriate  size.   48  r;rams  of  m^ditolyl  boil- 
ing at  279°wore  tfien  obtained.   The  yield  of  the  pure  sub- 
stance is  thus  76/C   of  the  theoretical  amount.   Tho  real 
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yield  was  even  greater  than  this,  the  operation  being  atten- 
ded with  considerable  loss.   Ai'ter  all  of  the  m.ditolyl  had 
distilled  off,  tlie  thermometer  rose  rapidly -^p-  to  aSO^above 
which  point  a  few  drops  of  a  strongly  smellini^  oil  passed 
over,  but  it  was  obtained  in  such  small  amount  tliat  no  at- 
tempts were  made  to  find  out  what  it  was.   Th^a  decomposition 
of  tetrazo-nKditolyli^chloride  with  the  alcohols  in  the  pres- 
ence of  zinc  dust  furnishes  us  with  a  very  satisfactory  meth- 
od for  the  preparation  of  nn-ditolyl.   The  manipulation  is 
ven''  simple  and  the  yield  excellent.   Heretofore  thPi^e  have 
been  three  methods  for  its  preparation. 

(1)  Heating  zinc  powder  with  o.dicresol, 

(2)  Converting  dichlor^ditolyl  to  m^ditolyl  by  sodium  amal- 
gam in  alcoholic  solution,  sodium  in  solution  in  amyl- 
alcohol^or  by  means  of  zinc  and  hydrochloric  or  acetic 
acid. 

(3)  By  the  action  of  nitroiis  acid  on  an  alcoholic  solution 
of  o^iolidine.    This  method  was  discovered  by  Schultz 

and  used  by  him  and  Stolle  in  their  investigations  on  m».di- 
tolyl,  being  the  most  satisfactory  and  economical  method  of 
the  three.   The  yields  t)f  m^ditolyl  as  given  by  them  is  nev- 
er as  much  as  25;'.'  of  the  theoretical  at.ount.   Several  subse- 
quent experiments  of  mine  have  shown  that  a  very  satisfacto- 
ry and  perhaps  the  most  useful  method  for  the  preparation  of 
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m^^itolyl  is  the  decomposition  of  the  tetrazo-m.ditolyr-' 
chloride  with  ordinary  95^  alcohol  in  tho  presence  of  zinc 
dust,  the  separation  of  the  ditolyl  beinn;  accomplished  as 
described  above.  To%   of  the  theoretical  yield  ol'  m^ditolyl 
can  be  very  simply  and  easily  obtained  in  this  way.   V/e 
next  turned  our  attention  to  the  consideration  of  this  sub- 
stance. 

OXIDATION  Oi:  M^DITOLYL. 

According  to  Schultz  and  Stolle,  when  m.ditolyl 
is  oxidized  with  potassium  bichromate  and  sulphuric  acid  the 
product  is  isophthalic  acid.   I  attempted  to  reach  ^W8i\  .-& 
result  by  using  attcfi  proportions  mo   a>>i«  generally  used  in 
such  cases  and  the  acid  diluted  with  two  volumes  of  water. 
After  several  hours  boiling  the  oxidation  had  taken  place 
only  very  slightly.   It  'vas  found  that  this  oxidation  v#«« 
best  effected  by  using  acid  diluted  to  just  half  its  volume 
with  water  and  about  six  times  the  calculated  aiiount  of  po- 
tassiun-i  bichromate.   The  oxidation  proceeds  smoothly  after 
the  first  violent  reaction  is  over.   After  two  hours'  boiling 
of  the  mixture  the  oxidation  is  practically  corr^leted.   Aft- 
er cooling  the  solid  was  filtered  off,  washed  with  cold  wa- 
ter.  dissolved  in  dilute  sodium  carbonate  Trtliitxn  and  the 
solution  of  the  sodiTom  salt  of  the  acid  formed  was  decolor- 


31 

ized  with  animal  charcoal.   On  the  addition  of  hydrochloric 
acid  the  isophthalic  acid  was  jrecipitated  perfectly  white. 
This  was  crystal  lized  I'rom  water  and  its  meltinr^-point  taken. 
The  yield  of  isophthalic  acid  is  very  j:;ood  by  this  I'lethod. 
Five  grams  of  m-ditolyl  were  dissolved  in  f';lacial  acetic 
acid  and  the  calculated  anx)unt  of  chromic  acid  for  its  total 
conversion  to  di^henyl''^di-mu;arboxylic  acid  was  added,  this 
also  in  acetic  acid  solution.   T}ie  action  was  quite  violent 
at  first  but  soon  subsided.   This  solution  was  then  put  in 
a  flask  attached  to  a  return  condenser,  and  boiled  for  sever- 
al hours.   Most  of  the  acetic  acid  whs    then  distilled  off 
and  water  added, when  a  slight  precipitation  of  the  desired 
acid  resulted,  which  was  filtered,  v/ashed  with  water,  puri- 
fied,and  crystallized  lei*!  the  melting-point  became  constant. 
The  acid  melts  at  190.5*^/.   For  the  oxidation  of  nwditolyl 
in  repetition  of  Perrier's  work  with  nitric  acid  (sp.gr. 1.14) 
four  days  were  necessary,  the  acid  being  boiled  continually. 
On  cooling  a  white  substance  separated  wliich  was  dissolved 
in  dilute  sod  ium4(carbonate  s«±H««n,  precipitated  with  hy- 

drochloric  acid, and  crystallized  from  a  water-alcohol  mix- 

/   o' 
ture.   It  v.'as  recognized  by  its  melting. point/ 202  as  the 

acid  obtained  by  Perrier.    It  was  thought  advisable  to  try 

the  action  of  potassium  permanganate  as  an  oxidizing  arent 
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on  m.-ditolyl  but  this  powerful  reagent  was  unable  seorninrly 
to  overcomG  the  resistance  of  the  hydrocarbon  to  oxidationt 
A  neutral  solution  ol'  tlie  permanganate  was  first  tried  but 
no  oxidation  resulted.   The  potassium  pei'mansanate  was  then 
tried  in  potassium  hydroxide  solutions  of  many  concentra- 
tions, but  the  m^ditolyl  vms  never  oxidized.   This  oxidation 
was  attempted  at  a  temperature  of  the  boiling  point  of  wa- 
ter.  A  slight  addition  of  the  permanganate  gave  the  solu- 
tion a  color  which  hours  of  heating  in  contact  with  the  hy- 
drocarbon did  not  remove,   m^itolyl  resists  most  strongly 
all  oxidizing  agerfts  and  the  only  one  is  which  t*ee   results 
v^»«yfj»^^  was  the  mixture  of  potassium  bi^chromate  and  sul- 
phuric acid  which  oxidized  the  hydrocarbon  to  isophthalic 
acid. 

Action  pX  nitrous  acid  on  tolidine  mono^hydro chloride  sus- 
pended in  alcohol .- 

As  has  been  stated  Schultz  obtained  m*ditolyl  and 
dieth^oxy-m-ditolyl,  hy      the  action  of  nitrous  acid  on  an 
alcoholic  solution  of  tolidine.   From  the  work  above  record- 
ed it  will  be  seen  that  we  have  obtained  the  same  products 
by  decomposing  with  alcohol  the  product  obtained  by  the  ac- 
tion of  nitrous  acid  on  tolidine  dichydrochloride.   For  the 
sake  of  completeness  it  was  desirable  to  know  the  products 
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resulting  from  the  decomposition  with  alcohol  of  the  product 
formed  by  the  action  of  nitrous  acid  on  tolidine^rnono- 

hydrochloride.   This  substance  was  made  by  tlie  method  of 

(1) 
Hugo  Schiff  and  A.  Ostrogovich   by  adding  to  a  hot  concen- 
trated solution  of  the  tolidine  diishydrochloride  a  concen- 
trated solution  of  the  calculated  amount  of  sodium  acetate^ 
when  it  is  precipitated.   The  diazotization  was  first  at- 
tempted in  water  suspension  in  the  hopes  of  netting  the  di- 
azo-compound  by  careful  diazotization , but  only  a  tarry  mass 
was  obtained.   When  diazotized  in  alcoholic  suspension  a  red 
solution  was  obtained  which  was  boiled  with  animal  charcoal 
and  filtered.   On  cooling,  a  small  quantity  of  diethoxy-m,^ 
ditolyl  crystallized  out.  The  alcohol  was  evaporated  and  the 
residue  distilled  in  steam  and  a  few  drops  of  m,jaitolyl  were 
obtained. 

Action  of  normal  propylfralcohol  on  tetrazo'^ditolyl  chloride. 


In  order  to   make   the   sub j Art  more   comiilete  ^the  diazo-compoud 
was   decomposed  with  propyltialcohol  under  different    condi- 
tions.     In  the   first    case   13   grams   of   the   diazo-compound 
were   placed   in   a   small    flask   and    200c. c,    of  the   alcohol   ad- 
ded.     The   flask   was   attached   to   a   return -condenser  and   heat- 
ed  in  a   water-bath   in  which   the  water  was   boiling  briskly, 
(1)      Ann,    Chem, .  .,    278-375. 
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It   was   afterwards   found   best    to   heat    the   flask,    placed   on  a 
wire  gauze,   with  a   small   flame  until   the   reaction  berjins. 
The   flame   is    then   removed   and   the   reaction   proceeds   smoothly, 
the  heat   generated   t'lereby  being  nearly   sufficient    to    carry 
it   to    completion.      A  little   further  heating   clears   the   solu- 
tion up   to    a   wine   color.      From  the  13  grams   of  the  diazo- 
compound   there  v/as   obtained  by   distilling  off    the   alcohol 
and  redistilling   the  residue   in   steam ^more  than  throe   grams 
of  m^ditolyl   or   40/»  of   the    theoretical   amount.      Other    exper- 
iments   proved   that   the   yield  of  m»ditolyl   by   this  method  v/as 
at    least   45^  of   the   theoretical   a-nount.      11   grams   of  the  di- 
azo-compound  wore  decomposed   in,  exactly   the    same  manner   ex- 
cept   that    ten  grams   of   zinc   powder   was   added.      The   decompo- 
sition was   rather  more   energetic    than  before, the   solution 
clearing  up   at    the   end  of   the   operation   to   an  ajnber  color. 
On  filtering  off  the    zinc   dtxst    and   evaporating   the   alcohol 
a   dark    colored  oil  was   left    and, as    in  all    cases   in  which   I 
had  used   zinc   dust   beiore ^ there  was   a   total   absence  of   the 
fonnation  of    any   tarry  products.      Th'^   oil    remaining  was    ta- 
ken up    in   ether,   dried   with   calcium  chloride   and    distilled. 
A   little   less    than   four    ^-rams    was    thus    obtained   of  m.ditolyl 
or  a    yield   of  at    least    60X  of   the   theoretical    amount. 

The    addition   of   sodiuia  hydroxido    to  p-'opyl    alcohol 
used   in  the  decomposition   of    the   diazo-con5^ound   caused   the 
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decomposition  to  take  place  at  room  temperature  very  rapid- 
ly.  Tarry  products  were  fonned  in  abundance  and  the  I'eac- 
Lion  that  took  place  was  the  "hydrogen"  one  thouf^h  the  yield 
was  not  good.   In  none  of  the  decompositions  with  propyl  al- 
cohol did  the  "alkoxy"  reaction  take  place  at  al  1  for  all 
efforts  to  separate  any  phenol- ether  were  of  no  avail.   The 
"hydrogen"  reaction  takes  place  and  that  alone  when  tetrazo- 
ditolyl  chloride  is  decomposed  with  propyl  alcohol, 

B.   -   Tetrazo£diphenyl  Chloride, 

Preparation  of  benzidineljhydro chloride  - 

100  grams  of  benzidine  were  mixed  with  600c, c.  of 
water  in  a  large  evaporating  dish  and.  the  mixtvire  heated  al- 
most to  the  boiling  point  of  the  water.   Hydrochloric  acid 
was  now  added  in  slight  oxcess  and  all  the  benzidine  v/ent 
into  a  red  solution.   To  this  red  solution  animal  charcoal 
was  added  and  the  solution  was  boiled  for  a  few  mirutes  and 
filtered  hot,  when  a  perfectly  colorless  solution  resulted. 
To  this  was  added  one-fourth  of  its  volume  of  stixjng  hydro- 
chloric acid  gradually  with  st irring , when  the  benzidine  hy- 
drochloride v.as  pr-cipitated  as  a  very  finely  crystalline 
mass  perfectly  white.   The  hydrochloride  obtained  by  this 
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method  is  almost  porl'ectly  pure  as  the  hydrochlorides  ol"  the 
isomeric  benzidines  remain  in  solutiont   This  was  filtered 
off  as  dry  as  possible  with  the  aid  of  a  Rflchner  funnel  and 
filter  pump ^  and  v/as  then, while  still  slir;htly  moist  bottled 
and  used  in  that  condition , as  the  quality  of  the  diazo-com- 
poiind  was  I'ound  to  be  much  better  when  a  little  hydrochloric 
acid  was  still  present.   This  salt  when  a. lowed  to  stand  in 
the  air  gradually  becomes  coated  with  a  covering  of  a  pur- 
plish c61or. 

Preparation  of  tetrazogdiphenyl  chloride .- 

Several  methods   were   tried   for  the  purpose  of 
getting   this   compound   in   best    condition  and  yield^and  the 
one  finally   adopted  which  gavo    the   best    rosiilts    I    -/ill   de- 
scribe.     As    in   the    diazotiation  of   tolidine^fhydrochloride 
a   paste  of  the  hydrochloride   and    water  was   used.      In   this 
instance   it    was   found  more  necessary    to   keep    the   paste   of 
benzidine^^hydrochloride   and    water  at    a   low   temperature   than 
was   found  necessary    in  the   case   of   tolidine^hydrochloride. 
To   accomplish   this    the   oxides   of  nitrogen  formed    in   the  usu- 
al manner  were  passed   thi-oagh   a  V/olff's   bottle  v/hich   was 
surrounded  with   salt    and    ice    and    then   tl:e   cooled  gases    were 
led    into   a   cylinder  which   contained   tlie   paste   of    the  benzi- 
dine^hydrochloride   and    water  and  w  as   suri-ounded  with    ice. 
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In  ordi'i-  to    diytoze   the   hydrochloride    comi  lotcly   about    three 
A  ' 

parts   of  water   are  necessary    tooneof   !>}ie   salt.        For   the 
precipitation   ol'  the  diazo-conipound   six   times    the  volume   of 
the  water   solution  of   tiie   diazo-compound   of   ordinary   alcohol 
is  required.      This    is   previously   cooled   to   as   low   a   temper- 
ature  as   a   freezing  mixture   can   cool    it^  and   passed    into    the 
solution  of   the  diazo-compound.      A  precipitation  of    the  dia- 
zo-compound  in   the   I'orm  of  beautiful   needles    at   once   takes 
place.      The  vessel   containing   this  mixture   is    then  allowed 
to   stand   in   the    freezing-mixture   for   some  time   and   the   diazo- 
compound   filtei'ed  off.      If  the  diazotization  has    resulted 
happily  and    the  water   solution   is   of   a   light    straw-color^  as 
it   should  be   the   crystals   of  t  etrazocdiphenyl-^'chloride   are 
almost    perfectly  white.      Unfortunately^ oven   if  one  works 
with  the   greatest    care, this   state   of  s^.ffairs    is  not    reached 
every   time.      But  ^if  attention   is   paid    especially   towards 
keeping   the    temperature   of   the  paste  which   is   being   diazo- 
tized  bolow   5°,   and   the  alcohol   for   precipitation   is    cold, 
a   good   quality   of  diazo   compound  will   be  obtained.      The   di- 
azotization  is   best    effected   by  means   of   a   rapid   current   of 
the   oxides    of  nitrogen   and    indeed    tliis    is    necessary    for   a 
successful   diazotization  which   is   best    effected   in   from  20 
to   25  minutes.      :.;y   early   attempts   at  making   this   diazo-com- 
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pound   were   failures   because   the   curront   of   p:ases   v/as    too 
slow,  and   the   diazotization   occupied   too    lonf^   a   time.      Tetra- 
zocdiphenylfchloi'ide   is    a   rather  heavy   substance  ^settlin^^ 
rapidly   to    the   bottom  of   the   beaker   in   which   it    is   precipi- 
tated.     When  filtered,    washed   with  alcohol   and    ether  and 
dried,  it    can  be  handled   safely   althou,";h   it    is   not   as   stable 
a  compound  as    is    t£trazoTditolyl//chloride.      The   yield   of   the 
diazo-compound  by   this  method   is   about   85^  of  the   theoreti- 
cal  amount.      The  change   in   color  durinf^   diazotization   is   not 
as  marked   as    in   the   case  of   the  diazotization   of   tolidine^ 
hydrochloride.      VAien  the  gases   arc  i'irst   passed    into    the  mix- 
ture  a  slight   brown  disc  loration  takes   place,   v/hich  contin- 
ues until   near  the   end   of   the   operation  when  a    clearing  up 
to   a   light   yellow   takes   place,    when   the   diazotization  pro- 
ceeds  best.      Otherwise   a   reddish  discoloration   takes   place 
which   is   of   a   tarry  nature   and  which  never   disappears.      The 
greatest    care   is   necessary   in  keeping   the  alcoliol   and  water 
solution  of   the   diazo-compound   cold  before   they   are  brought 
together  for   the   precipitation  of   the  diazo-compound^ as   it 
is    also   necessary   to   keep   the  mixture      cold   afterwards.      If 
sash   is  not    done  when    the    two    are    brought    together^a   decom- 
position will   begin, which   colors    the   solution  ^  dark    red   and 
makes    the  diazo-comi'ound  prec  ipita.  4^  very    impure^.      An   im- 


portant  point   of  difference  between   tfetrazo8ditolyl-chloride 
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and  t£trazo»diphenylA'chloride  is  the  fact  that  the  latter  is 

easily  decomposed  at  x-oom  temperature  ^in  which  case  tarry 
products  are  principally  I'orrned  .   If  the  same  decomposition 
is  effected  at  the  boiling  point  of  the  mixture  the  reaction 
is  much  cleaner. 

Action  of  methyl-j^alcohol  on  tetraz6^dir-henyl/-'chloride.- 

20  grams  of  the  diazo-compound  were  placed  in  a 
2-liter  flask  and  300c. c.  of  absolute  nethyl^alcohol  poured 
over  the  diazo-compound.   If  this  mixture  is  allo-.ved  to 
stand  there  will  be  a  gradual  darkening, and  slow  decomposi- 
tion will  ensue, but  the  action  will  be  incomplete^  and  the 
results  ver:,'  unsatisfactory.   The  amount  of  tarry  matter 
formed  will  be  much  larger  than  if  the  decomposition  is  car- 
ried on  at  a  higher  temperature.   When  the  flask  containing 
the  mixture  of  the  diazo-compound  and  alcohol  is  attached  to 
a  return  condenser  and  heated  over  a  water-bath  ^the  reaction 
is  very  satisfactory  provided  certain  precautions  are  ob- 
served.  There  will  be  little  evolution  of  nitrogen  until 
the  boiling  point  of   the  alcohol  is  almost  reached.   As  soon 
as  the  evolution  of  nitrogen  begins  the  flame  is,  removed 
from  lender  the  v/ater-bath  and  the  action  quickened  by  shs^k- 
ing  the  ccntents  of  the  flask.   The  reaction  proceeds  smooth- 
ly.  V/hen  the  evolution  of  nitrogen  almost  ceases^  the  mixture 


39 

is  heated  to  boiling  Tor  riftocn  minutes  to  complete  the  re- 
action.  The  solution  resulting  is  of  a  lip;ht  reddish  color^ 
and  the  reaction  seems  to  h-ive  been  quite  clean.   The  methylX 
alcohol  is  then  distilled  off  and  six  volumes  of  a  saturated 
solution  of  sodium^chloride  added  when  a  faint  milkiness  re- 
sults.  On  standing  there  settles  to  the  bottom  of  the  ves- 
sel a  slight  precipitate  which  is  afterwai'ds  provea  to  be 
diphenyl.   After  distillation  of  the  methylfijalcohol  there 
remains  in  the  flask  a  yellow  solid  which  seems  to  contain 
v'jry  little  matter  of  a  tarry  nature.   This  is  broken  up,  a 
little  water  added  and  distillation  in  steam  carried  on, when 
a  small  inappreciable  amount  of  a  white  solid) is  carried 
over  by  the  steam  which  melts  at  68  °and  by  fefeie  and  its 
odor  is  recognized  as  diphenyl.   The  yellow  solid  remaining 
in  the  flask  which  is  not  volatile  v/ith  water  vapor  is  then 
dissolved  in  ordinary  alcohol  in  which  it  is  difficultly 
soluble  at  its  boiling  temperature  and  almost  insoluble  in 
the  cold.   As  in  the  case  of  the  two  phenol-ethers  which 
h'ive  already  been  described,  this  substance  showed  a  marked 
difference  in  its  soliibility  in  alcohol  at  its  boiling  tem- 
perature and  a  few  degrees  below  tliat  tetnpei'ature.   The  al- 
coholic solution  was  then  decolorized  by  boiling  with  animal 
charcoal  for  a  few  minutes  and  on  cooling  beautiful  plates 
of  a  pearly  lustre  were  obtained.   In  this  first  experiment 


40 

the   yield  was   S  f^rams.      When  the   substance  was   a   second   time 
crystaliizod  irora  alcohol    the  melting-point    wa:i   sharp    at    172? 
All   01'   tlie   pi'operties   of   this   substance  were   those   of   the    n- 
thers    v/liich   liave  been   described   in   the  i^roceding   pap^es   and 
although   it    .vas   probable   that    it    was   an    ether  yet    an  analy- 
sis  was   desirable.      Two   analyses   gave    the  following   results; 

(1)  0.2000   gram   substance   gave   0.1193   gram     HO    and   0.5775 
gram  CO ,    . 

(2)  0.2000   gram  substance  g^ve   0.1181   gram  H  0   and  0.5751 
gram  60,    . 

The    calculated   percentage  of  the    elements    in  dimeth- 

oxyidiphenyl,    C      H    (OCH    )      orie   C    -78.50,   H    -    6.54   and    0-1466 

calculated,  found, 

(1)  "-  (2) 

C      -  78.50  78.75  78.43 

H      -  6.54  6.62  6.56 

0      -  14.96  14.63  15.01 

The   yield   of  diphenyl   by   the   action   of  mcthyl^ialcohol   on 
tetrazo^diphenylfchloride   is    very   small    and  may   be    left   out 
of  cons  ideration.  and  v/e   can   say   that  /vh en   these  bodies   are 
broup;ht   together   the   reaction   th«.t    takes   place    is    the    "alk- 
oxy".      Tho   reaction   resulting    in   the   formation   of   the   phenol 
ether   is   almost    a    quantitative   one   although   the   losses    in 
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extraction   alv/ays   brine   the  actual   yield   far  briLow   the 
amount    tlieorotically   possible.      The   Inrfjest    yields   obtained 
range  from   55>'  to   70,.'  of    tlie  tlieoretical    amount.      fiimethoxy- 
diplenyl    is    insoluble   in  water,    difficultly   soluble    in   al- 
cohol, and   ether.       In  alcoliol    it    is   not    as    soluble   as   are  di- 
meth  -    and   dieth-oxy-m*ditolyl.      V/hen   this   decomposition   is 
effected  with   dilute  inethyl/^alcohol^  it    takes   place  more   rea- 
dily and   the  products   arc   the   same  ^but    the  phenol-ether   is 
formed   in   smaller   aiiOunt   and   a   considerable   amount   of  pro- 
ducts  of   a    tarry  nature   are   fonned   at    the   sane   time  being 
relatively   greater   in  aiaount    the  p:reater   the    dilution  of   the 
alcohol. 

Decomposition  of   t otrazogdiphenyl/jfchloride  with  methyl/?alco- 
hol  vinder  different    conditions.  - 

16   grams   of  the  diazo-conf)ound  were  put    in  a   flask 
of  appropriate   size   and   250c, c.    of  me thyl^alcohol   added. 
15   grams   of   zinc   dust   were  nov/   added   and  the  diazo- compound 
decomposed   in  the  usual   way.      The  decomposition  did  not   be- 
r;in  until    the   alcohol   was   aliiost    at    its   boiling   temperature, 
and   then  proceeded   smoothly   as    in  the   preceding   experiment. 
The   flame  was    removed   as   soon   as    the   reaction   began  and   the 
heat    generated   thei'oby   was    sufficient    to    carry    it    almost    to 
completion.      In   order  to   be  perfectly    sure   that    the   reaction 
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was    complete   the    solution  was   heated   to    the  boiling-point   of 
the  alcohol   I'or  a    few  ninutes.      The  yellow   resulting   solu- 
tion was   nov/   filtered   to    remove   the   zinc   dust  ^and  the   alco- 
hol  distilled   ofl".      A  portion   cf    the  distillate  was    treated 
with  6   volumes   of   a   satui'ated   solution  of   3odium>chloride  , 
and  a   slight   precipitation   resulted.      After   this   the   alcohol 
was   not   precipitated, but    saved   for  use   in   other  deconposi- 
tionSjas   the  phenol-ether   is  not   volatile  with  alcohol   vapor 
and  diphenyl    is    so   only    to    a    slight    de.n-ree.      There   'was   left 
in  the   flask    as   before   a   yellow   solid  which   was  nov.'    subject- 
ed to   distillation   in   steam.      As   was   to   be   expected  most   of 
it  was    carried   over   as   a   white   solid  with   tlie  water  vapor 
which   when  crystallized  from  alcohol  melted   at    68°   and  was 
easily    recognized  by   its   odor   and    general   properties   as   di- 
phenyl.     There  was   obtained   in   this    experiment    a  yield   of 
G   1/2  grams   of   the   substance  which    is   73'"'     of  the   theoret- 
ical  yield.    /.f^efi^i^^-''OrlU''t''£ke-'fiV'aii  exYte^'iDient  .,i.,a  -be-de- 
s»^;>r1^e;l->i?*fc€ir----flkii>iQ^^  hence  ray   easy  rec- 

eT6g>Jrt4«rtr^a4*^"*i*vJ*,    The  brownish   residue   in  the  distillation 
flask   was   dissolved   in  alcohol   and    carefully   examined    for 
dimethoxycdiphenyl ,    but    the   sear'ch   only    revealed   the   fact 
thai   none   '/as  formed   in   the   reaction.      A3;l^uring  the   decom- 
position  a    strong   odor    .vas   noticeable\reijiembling   aldehydej 
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v.'hich  was  pcrliaps  paraldehyde  as  the  work   ol"  Boeaen  showed. 
As  in  all  otlier  decompositions  recorded  here  which  wore  car- 
ried on  in  the  presence  of  zinc  dust  the  .oaction  is  practi- 
cally clean,  and  the  presence  of  the  zinc  dust  determines   i 
the  hydrogen  reaction.   Decompositions  of  tetrazoidiphenyli* 
chloride  with  sodium-^methylate  and  with  methyl^alcohol  in 
tlie  presence  of  sodium^'hydroxide  ^  were  also  tried^but  only 
sm^ll  amounts  of  the  dj azo- compound  were  thus  decomposed, 
the  object  simply  being  to  find  out  which  way  the  reaction 
went.   The  decompositions  proceeded  in  afi  exactly  ifci ni i  1 4r" 
way  in  both  cases.   The  flasks  containing  the  two  mixtures 
were  cooled  in  a  freezing-mixture  and  the  diazo- compound 
added  in  small  portions  from  time  to  time.   The  reaction 
after  each  addition  was  violent,  heat  being  generated  and 
much  tarry  matter  formed.   The  yields  were  not  determined, 
but  in  both  cases  diphenyl  was  formed  which  was  separated  by 
distillation  in  steam.   No  dimethoxy-diphenyl  was  formed. 
The  hydrogen  reaction  takes  place  when  totrazoidiphenyl  chlo- 
ride is  decomposed  with  methylt^alcohol  in  the  presence  of 
zinc  dust,  sodium^lhydroxide  or  sodiumVmethylate. 

Action  o_£   nitric  acid  or  dimethoxyCdiphenyl  - 

Sm-ill    (luantities   of   the   phenol-ether  were   treated 
with  dilute,    concentrated   and   fuming   nitric   acid.      Dilute 
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niti'ic  acid  attacks  it  not  at   all  even  when  boiled.   Con- 
centrat'3d  nitric  acid  slowly  dissolvos  the  ether  when  the 
acid  is  heated  to  its  boiling  temperature,  but  it  requires 
quite  a  lengt}-!  of  time  and  much  of  the  ether  is  oxidized. 
When  water  is  then  'Hdded  there  is  very  little  precipitation 
of  a  nitro-compound.   The  best  yield  was  obtained  by  the  em- 
ployment of  fuming  nitric  acid,  the  nitration  being  effected 
exactly  as  in  the  case  of  diethoxy-m.-ditolyl.   5  f^rarns  of 
dimethoxycdiphenyl  were  placed  in  a  large  test-tube  and  fum- 
ing nitric  acid  added  until  the  phenol-ether  went  into  solu- 
tion.  The  action  is  rather  violent,  much  heit  being  gener- 
ated,and  the  oxides  of  nitrogen  escaping.   The  resulting  so- 
lution is  of  a  deep  red  color.   After  the  violence  of  the 
reaction  has  subsided  the  solution  is  heated  for  a  few  mo- 
ments  alr'iost  to  the  boiling ^:>oint  of  the  acid  and  then  pour- 
ed v/ith    stirring  into  a  large  volume  of  water  when  a  vo- 
liuninous  precipitate  of  a  light  yellow  color  is  thrown  down. 
This  is  filtered  off  and  dried.   Thus  were  obtained  of  the 
crude  nit ro- confound  4  l/2  grams.   This  is  insoluble  in  wa- 
ter, in  cold  alcohol^and  ether  and  very  sparingly  soluble  in 
boiling  alcoliol.   V/ith  a  liter  and  a  half  of  ordinary  alco- 
hol ten  extractions  were  necessary  before  all  of  the  sub- 
stance liad  gone  into  solution.   A  hot, water  funnel  was  ne- 
cessary in  filtering  the  alcoholic  solution  as  the  nitro- 
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compound  was  only  soluble  in  alcohol  at  ita  boilinp;  temper- 
at\ire.  II  crystallizes  i'rom  alcohol  in  beautiful  straw  yel- 
low needles  winch  nelt  sharply  at  244.6°,   Three  analyses 
for  nitrof^en  p-avo  as  the  percentage  of  that  olernent  in  the 
substance  14,6,  14,1  and  14.5,  which  ar;ree  well  v/ith  the  for- 
mula C  H   0  (!'0  )  for  which  the  percentage  of  nitron;en  is 
14.22. 

Action  of  t  StrazoSdiphenyltfehlori  de  on  othyl  alcohol. - 

23  grams  of  tGtrazo€diphenyl/«c!iloride  were  placed 
in  a  two-liter  flask  and  300c. c.  of  absolute  ethyl  alcohol 
poiired  over  it.   The  flask  was  i.hen  attached  to  a  reflux  con- 
denser and  heated  on  a  water-bath.   The  heating  of  this  mix- 
ture for  the  decomposition  of  the  diazo-coinpound  requires 
the  greatest  care  and  special  precautions  must  be  taken. 
Near  at  hand  a  water-bath  containing  cold  water  is  placed. 
The  mixture  is  well  shaken  while  the  heating  is  going  on  and 
carefully  watched.   The  reaction  does  not  bei^iiin  until  the 
boiling  temperature  of  the  alcohol  is  almost  reached.   As 
soon  as  evidences  of  decomposition  are  observed  the  flame  is 
removed,  the  witcr-bath  containing  hot  water  is  taken  nway ^ 
and  the  one  containing  cold  water  gotten  in  readiness.   The 
mixture  is  now  shaken  and  the  decomposition  begins.   'Vhnn  it 
increases  in  violence  tlTo  flask  is  plunged  in  the  cold  water 
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until  it  partially  subsides  and  then  removed.   These  opera- 
tions are  repeated  until  tlie  reaction  is  over  and  all  the 
diazo-conipound  has  gone  into  a  reddish_yellow  solution.  This 
is  then  heated  and  the  alcohol  boiled  f o r  a  few  moments  to 
insure  complete  decomposition.   Throughout  the  operation  the 
strong  odor  of  aldehyde  is  observable  through  the  entire 
room  and  it  is  evident  that  the  i-eaction  that  took  place  was 
to  a  large  extent  the  "hydrogen"  one.   The  first  decomposi- 
tion of  tetrazor.diphenylttchloride  with  ethyl/^alcohol  was 
carried  on  in  the  same  manner  as  were  those  v/ith  mothyl/ral- 
cohol  and  the  violence  of  the  reaction  was  so  great  that  the 
greater  part  of  the  reacting  mixture  was  projected  through 
the  condenser  tube  across  the  room.   In  several  subsequent 
experiments  where  special  precautions  were  not  observed  a 
considerable  loss  was  occasioned  by  the  sane  violence.   The 
method  described  above  is  that  by  which  the  best  results 
were  obtained.   In  the  experiment  described  the  reddish  so- 
lution of  the  decoinposit  ion, products  v/as  subject^  to  distil- 
lation and  all  of  the  alcohol  removed  in  tliis  way.   There 
remained  in  the  flask  a  reddish  oil  which  on  cooling  solid- 
ified to  a  reddish  crystalline  solid.  The  alcoholic  distil- 
late was  tested  by  ndding  to  it  several  volumes  of  a  satura- 
ted solution  of  sodiiim^chloride  and  a  slight  precipitation 
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of  a  white  sulid  resulted.   The  i-ost  oi"  the  alcohol  was  not 
treated  in  the  same  way  because  tlie  substance  was  only 
slightly  volatile  v/ith  alcoViol  vapor  but  was  preserved  for 
further  decompositions.   ThR  reddish  residue  in  the  distil- 
lation-flask was  distilled  in  steam, and  most  of  it  passed 
over  with  the  water  vapor  as  a  white  crystalline  solid  having 
the  stron,f:  odor  of  diphenyl  ^*ind  melting  wlien  crystallized 
from  alcohol  at  68°,   The  yield  was  10  l/i   grams  or   over 
SoX  of  that  theoretically  possible.   The  small  amount  of  the 
red  solid  remaining  in  the  flask  was  filtered  offhand  dis- 
solved in  alcohol, but  not  a  trace  of  any  phenol- ether  was 
ever  obtained  from  it.   The  indications  were  strongly  in  fa- 


phenyl  but  an  analysis' was  made  of  it  to.   boooiuo  pewftctAy' 


vor  of  this  white  solid,  volatile  with  water  vapor^being  di- 
,^  ;»R  ninr^p  nf  it  fca— biftaomn  wAmf^ 
ms^  if  »tte^  is  the  case  this  method  of  prepara- 
tion would  be  a  very  valuable  addition  to  those  that  we  have 
already  because  ol'  the  easily  obtained  benzidine,  the  ease 
of  its  transformation  to  diphenyl  and  the  large  yield. 


(1)  0.2000  gram   substance  gave  0.1179  gram  H^O  and  0.6841 
gram  CO ,  . 

(2)  0.2000  r^ram   substance  have  0.1171  gram  H^O  and  0.692b 
gram  COj^.  • 

for  diphenyl  the  percentages  of  cirbon  and  r.ydrogen 


48 


are  respectively  93.51',and  6.49.' 

calculated  .  found 

~  '      (1)  '     C^) 

C   -  93.51  93.30  93.07 

H   -  6.49  6.55  G.50 


Thus  we  see  that  the  substance  formed  by  the  action  of  tet- 

razotdiphenylfjchloride  on  cthylfialcohol  is  diphenyl  and  that 

the"hydrogen  reaction"  alone  takes  place  in  this  case. 

(1) 
Diphenyl  was  discovered  in  1862  by  Fittig   by 

means  of  the  reaction  that  has  come  dovm  to  us  under  his 

name.   He  made  it  by  the  action  of  sodium  on  brom=benzene 

which  had  been  diluted  to  half  its  volume  with  ether.   In 

(2) 
1864  Griess   by  the  action  of  an  alcoholic  solution  of  po- 

tassiiom  Jiydiroxide  on  diazoSfbenzenej^nitrate  obtained  besides 
benzene  a  crystalline  solid  which  by  comparison  with  a  spe- 
cimen of  diphenyl  obtained  from  Fittig  he    recognized  as 

identical  with  it.   The  method  by  which  tliis  substance  is 

'3) 
commonly  made  in  the  laboratory  was  devised  by  Bertliclot, 

and  consists  in  passing  benzene  vapor  throurrh  a  red  hot  tube 
filled  with  broken  glass.  This  method  is  not  easy  of  manip- 
ulation and  is  attended  with  not  a  little  danger  to  an  inex- 

'  (4) 

perienced  worker.   Gatterman  devised  the  method  of  making 

(1)  Ann.  Cher.i.   .  ,  121-361. 

(2)  Phil.Tr.,  1864-  (3)  692. 

(3)  Ann. Chem. 142-252.  Zeit.f.Chom.  18G6-707. 

(4)  Ber.d.  Chem.  Gas.  23-1226. 
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diphenyl  by  the  action  of  zinc  dust  on  diazo'^bonzeneisul- 
p}aate  and  alcohol. 

Decomposition  of  tetrazo^diphenyl^chloride  with  ethyl|(alco- 
hol  under  various  conditions.- 

Knowing  that  in  all  cases  in  v/hich  zinc  powder  was 
used  in  this  investigation  the  "hydrogen  reaction"  was  fa- 
cilitated by  its  er  iployment  ^  it  v/as  tliouf^ht  thar  the  method 
described  above  for  the  preparation  of  diphenyl  might  be  im- 
proved by  its  use.   As  in  the  .decompositions  described  ex- 
treme care  was  necessary  to  prevent  the  reaction  from  taking 
place  'vith  too  much  violence.   'Decompositions  were  carried 
on  with  absolute  alcohol,  ordinary  95X  alcohol  and  alcohol 
still  more  dilute  in  the  presence  of  zinc  dust  which  was  ad- 
ded in  about  the  same  amoi^nt  as  the  diazo-compound.   It  was 
found  tha  t^  as  long  as  the  alcohol  did  not  contain  over  l^/'t 
of  water,  t-isect  the  decompositions  px'oceeded  similarly  to 
those  with  absolute  alcohol.   Under  i)ropor  conditions  the 
reaction  was  smooth  and  the  decomposition  perfectly  clean, 
no  tarry  products  being  formed  and  the  solution  clearing  up 
at  the  end  of  the  operation  to  a  straw  yellow.   The  zinc 
powder  v/as  now  removed  by  filtration  and  the  yellow  result- 
ing solution  decolorized  with  animal  charcoal  anl  evaporated 
until  crystallization  took  place.   DiTihonyl  was  thus  obtained 


50 

perl'octly   pure   by  I'ocr:  LitQllizinp;   this   prorluct    f:'om  alcohol. 
The   yield   t^lWii   this   method   is   rrom  80;*   to    ^b^i  of   the   theo- 
retical  amount.      When    the    alcohol    contains   moro   water    than 
IsX^tarry   pi'Oducts    are   formed,    their  amounts   boinc   {greater 
the   ni^'sater   the  dilution  of    the   alcohol,   and   the  amount   of 
diphenyl   relatively   snaller.      In  this    connection   it    is   well 
to    repeat   what    I   havo  mentioned   when  speaking  of   the  precip- 
itation of   the  diazo-com]:'Ound.      The   alcohol-water  mixture 
which  precipitated   the  diazo-compound   and  which   contains 
over   20/9  of  v/ater  must   be   kept   very   cold   for  decomposition 
sets   up   rapidly    if  .laken  from  the  freezing-mixture  with   the 
formation  of   some  diphenyl   and   a   large  amount   of   tarry  pro- 
ducts, 

Sodium»^ydroxide   added   to  the   ethylnalcohol  used 
for   the  decomposition  of   tetrazo^iphenyl-^lchloride   causes   a 
violent   reaction   to    take  place    at   room   temperatui-e^  and  a 
freezing-mixture   is    required   to  keep    the    decomposition   with- 
in  bounds.      A   large   amount    of    tarry   products    is    foi-nied   and 
diphenyl    is   separated   by   distillation  of   the   alcohol,    and 
distilling   the   residue   in   steam.      For  a    laboratory  method 
for  the  preparation  of   diphenyl    I    would   suggest    the  decompo- 
sition of    tctrazofdiphenyl-rchloride   with,    ordinary   alcohol 
in  the   pi-esence   of  an   excess   of   zinc    rowder.      In   all    cases 
in  which   tetrazo£.diphenylrtchlorido  was    decomposed   with   ethyl 
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alcohol  diphenyl  was  fonaed  and  no  trace  of  diethoxj^Jdiphon- 
yl  was  r!ver  obtained  .and  wo  are  justil'iod^I  think  in  saying 
that  wlien  these  two  substances  relict;  the  "hydrogen"  reaction 
and  only  that  takes  place. 

Action  of  normal  propyl/^lcohol  on  totrazo£diphenyl/ychloride. 

12  grams  of  tetrazo'idiphenyli^chloride  were  placed 
in  a  half-liter  flask  and  150c. c.  of  propyl^i'alco^.ol  added. 
At  room  temperature  there  v/as  practically  no  action  at  all, 
although  when   the  mixture  was  allowed  to  stand  for  several 
hours  the  alcohol  became  colored  reddish.   The  flask  was  at- 
tached to  a  reflvix  condenser  and  the  alcohol  heated  to  its 
boiling  temperature  v/ith  a  small  flame.   As  aoon  as  the  de- 
composition begins  the  flame  is  removed  and  the  decomposi- 
tion allov/ed  to  proceed.   The  heat  generated  by  the  reaction 
is  almost  sufficiont  to  carry  it  to  completion.   The  alco- 
hol was  then  boiled  for  a  fev/  minutes  and  the  alcohol  dis- 
tilled off.   There  remained  a  brovmish  residue  which  was 
subjected  to  steam  distillation.   A  little  over  three  grams 
of  diphenyl  //ere  obtained.   This  experiment  repeated  several 
times  s?iowed  that  the  yield  of  diphenyl  by  this  method  was 
between  40X  and  50;;  of  the  theoretica]  yield.    '^en  the 
steam  distillation  was  completed  there  remained  in  the  flask 
some  tarry  matter  from  wh.ich  notliing  of  value  was  obtainable, 


V/fien    the   diazo-coinpoind   Is   decomposed   with   propyl^ 
alcohol    in  the   jresonce   oi'  an   excess   of  zinc   dust    the   reac- 
tion  takes   plice   in   the  sapie  manner,    but    ij  much   cleaner  and 
the  amount   oi"   tarry  products    is    reduced.      ?-y   this  method   the 
yield   of  diphenyl    can  be  broufrht   up    to   60X  of   the  theoret- 
ical  amount.      The  addition  of   sodium  hydroxide   to  ppopyl/»il- 
cohol  used   for   this   decomposition   causes    the   reaction   to 
t^e   place   at    room  temperature   and   diphenyl    is   for-med   to- 
gether with  much  matter  of  a    tarry  nature.      As   v/as   found   in 
case   of  the   decomposition  of  t  etrazo^itolylHchloride   v/i  th 
propyiy^alcohol  so  ^in   case  of  the   decomposition  of   tetrazo- 
diphenyli^chloride  with   the   same   alcohol   the    "hydrogen"    reac- 
tion alone   takes   place. 

Summary  of   experimental  work.- 

TetrazoJditolylMchloride   when   decomposed   with  me- 
thyl-alcohol  yi'^lds   as   the   only   iscoi«ta±xLe  product   dimeth- 
oxy-m..ditolyl   or   the    "alkoxy"    reaction   alone   tikes   plf-.ce. 
C      H      N    CI    +    2CH    OH    -    C      H       (OCH    )       +    2N    +    2IIC1. 

\Yhen   the    same  diazo-compound    is    decomposed  with 
ethyljt-alcohol   the   products   of   the  reaction   are  m.ditolyl   and 
diethoxy-m.ditolyl    in   appi-oxiiaately   equal    quantities   or  both 
the    "hydrogen"    and    "alkoxy"    reactions    take  place. 
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C   H   N  CI  4  3C  H  OH   -   C   H   t  -C  H  0t2N  -t  2HC1 
m^    ir    H   '^    ^  ^  "I  "I  *   'I  '' 

C  II  N  CI  i  2C  H  OH   -   C   H   (OC  H  )  t  2N  -«  2HC1 

When   the  same  diazo-compound   is   decomposed   v/ith 
normal   propyl^alcohol  the      only   product    isolated   was  m.dito- 
lyl   or  the    "hydrogen"    reaction   alone   takes   i)lace; 
C      H      N   CI    T    2C   li   OH       )      C      II      -,    3C   H   0    r  2N    -f    2HC1 

When   tlie   same  diazo-compound   was   decomposed  with 
a   solution  of   sodiumrtmethylat e   in  methylHalcohol    the    "hydro- 
gen"   reaction  alone   took    place.      The   same   reaction   took 
place   v/hen   the   diazo-compound   was   decomposed  with   each  alco- 
hol  in   turn   in  the  presence  of   sodium^hydroxide  or  zinc   pow- 
der.     ?men    tetrazo^diphenyl^chloride   is   decomposed  with  meth- 
yl|f\alcohol    tl:e   product    is   dimethoxy^diphenyl   and   at   the  same 
time   a   trace   of  diphenyl    is   foi-med   the    "alkoxy"    reaction 
taking   place   almost    exclusively. 

C      H      N    CI    4    2CH    OH      ^     C      H^(OCH    )    t    2N    f-2HCl. 
The    decomposition  of    the    same   diazo-compound  with    ethylf4al- 
cohol   gives   only  diphenyl   or  the    "hydrogen"    reaction   alone 
takes   place; 

C      H  N    CI    T    2C   H   OH      -_,     C,    II      4    2C   HO    -,    2N    +-  2HC1 
The    sar..e  diazo-compound   decom^i  osed   with  normal   propyl^alco- 
hol   yields   only    diphenyl   or   the    "hydrogen"   product; 
C      H   N    CI    r    2C   H   OH      ,^     C      H      ,^    2C   H   0    ^    -.JN    4    -.^HCl. 
SodiumV\rr:ethylate   in  mcthylltalcohol   solution   yi'-lds    in   the 
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decomposition  of   the  diazo-compoimd    therewith   only   diphenyl. 
When   the  diazo-compound   is  decomposed   with   either  methyl^  , 
ethylf^,    or  propyL4alcohol    in  the  presence   of   sodiumj^hydrox- 
ide  or   zinc   powder   the    "l.ydrogen"    reaction   alone   takes   place. 


Notes   - 

_,  inv^s  t  ic^  t  i  on 

The  tolidina  used   in  tb.is   ©xperim«it  was   coran'^rcial   o,tolid- 

ine  which,    when   purified,   m.elted   at    126.5°.      It   was   purified 
by   conversion   into    the  hydrochloride,    decolorizing;   its    solu- 
tion with  animal   charcoal   and  precipitating   the    tolidine 
with  potasGium^hydroxide.      Tolidine   crystallizes    from  water 
in  beautiful   pearly   leaves. 

The  benzidine  used  was    commercial   p. benzidine   wliic!;    was   pu- 
rified  in  the   same  manner   as  was    the   tolidine.      It    crystall»-i> 
izes   from  water   in  pearly   leaves  meltinj;  at    120.5^"'. 
The  methyltialcohol  used   was    corni'iercial    "Columbian   spirits" 
which  was   allowed   to   stand   in   contact   with   lime  for   some 
weeks   and   then   distilled.      It   was   preserved  by  keeping   it    in 
tightly-stopped  bottles   over  dehydrated   cupric^sulphate   and 
was   poured  off  and  distilled   as   needed. 

The   ethyH^alcohol   was   allowed   to    stand   in   contact 
with  lime   for   several   weeks   and    then   was   distilled.      It   was 
then  kept    in   contact   with   dehydrated   cupricfisulphate   from 
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which  it  was  filtcrod  as  needed. 

Tlie  proi  yl>ralcohol  was  normal  propyl^alco  hoi  which 
was  treated  with  lime  in  a  flask  attiched  to  a  return  con- 
denser for  several  hours  and  then  distilled. 

The  term  "ordinary  alcohol"  used  is  to  desir^nate  the 
c  crnniercial  article  which  contains  about  95X  of  alcohol. 

The  temperatures  here  r^iven  are  all  uncorrected. 

More  correctly,  as  has  been  shown . lately ,  the  deri- 
vations of  the  tolidine  and  benzidine  that  I  have  v/orked 
with  are  "diazonium- compounds"  but  throughout  this  investi- 
gation the  old  nomenclature  is  used. 


II.  -  -  HISTORICAL  Al^D  GENERAL  PART. 

Our  earliest  knowledge  of  the  interesting  action  of 

nitrous  acid  on  amido-compounds  comes  from  the  labors  of 

(1) 
Piria   who  found  that  asparagine  in  nitric  acid  solution  was 

converted  by  nitrous  acid  to  malic  acid  according  to  the 

equation  , 

C.^H^(KH  J  .™™-  -  2HN0,  -   C,,H^(OH)  .^""t;   ,J,r„^  211^0. 

(1)   Ann.  Chem.  68-349. 
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(1) 
About    the   same  time,    in   1849,    Strecker     obtained   f^lycolic 

acid   by    tlie  action  o:    nitx-ous    acid   on   ainido-ac^tic    acid.    The 
same  kind  of   reaction  was   also   observed   in   nun  i  do -compound  3 
belonging   to    the   aromatic    series,      hunt,    in   1<S49 ,    proved 
that   nitrous   acid   converted   antline   to    plienol    and  Gerland, 
in   1853,   prepared   in   a   similar  manner  oxybenzoic    acid   from 
amido-benzoic    acid.      But    it   'vas  not  until   1856   that    a   prod- 
uct  was   obtained   by   the   action  of  nitrous   acid  whirrh   had 

more  nitrogen   than   the  original   substance.      It  '.vas    in   that 

(2) 
year   that   Ganahl      obtained   such   a   substance  by   the   action  of 

nitrous   acid   on  naphthylamine.      Then    came   the  master-v/orkman 

(?) 
Griess,    v;hose   researches    in   this   field   are  mentioned   among 

the  classics    in   cher-.istry.      It    is   of   the  work   of   Griess   that 
one  always    thinks   when  diazo-compounds   are  mentioned.      Ke 
showed   that  I  when   the   aromatic    amido-compounds   are    tr-eated 
with  nitrous   acid   no   nitrogen   is    evolved  under   certain   cir- 
cumstances ,  and    that, by   a   reaction  between   the    two,    a   com- 
pound  results   which   contains    the   nitrogen  of   the  nitrous 
acid   as   well   as   that   of  the   amido   group.      He   called   the   re- 
sulting   compound   a    "diazo-comr-ound"    from   the   number  of   nitro' 
gen  atoms   which   it   contained.      Among  many   reactions   of   thes 
compoionds   described  by  him  was    that   one   with   the   alcohols. 

(1)  Ann.    Chem.    68- .')4. 

(2)  Ann.    Chem.    99-240. 

(3)  Ann.    Chem.    137-68. 
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He,   from  the   results   ol"   much   work    and  many   oxperirnents    in 
this    field,   made   the   ";eneral   statoment    that   when   a  diazo 
salt    is   boiled  with   an   absolute   alcohol    ttie  hydroicarbon 
coiTosponding   to   the  diazo-compound   is   formed, the   alcohol    is 
oxidized   to   the   aldehyde   and   nitrogen   is    evolved,      iiis   v.-ork 

on  diazo- compo\inds   bes^inning   in   1860    extended   over  a   period 

(1) 
of   a   number  of   years.      In  1S70  ,    v/roblpv/sky ,        while   attempt- 
ing to   replace   the   amido   groups    in   t"ne   isomeric    chlor^t^lui 
dines   by  hydrogen  by  boiling   the  diazo   derivatives   with   alco- 
hol   according   to    the  method   of   Griess    found    that    instead   of 
hydrogen  replacing   the  ariido   groups    they   were   rep'laced   by 
the" alkoxy" residue  of   the   alcohol.      ^t^^\oTi^&,.s^£..3Jn\X^- 

pre^i'ehi.      For  the   last    fifteen  years    investigations   have 
been   carried  on   in  this    laboratory   on   the  decomposition  of 
diazo-compounds   with   alcohols    and  many  results   of  value  have 
been  reached,      I    think    that    I    am   justified   in   drawing   the 
following   conclusions    from  the   results   wliic!.    have  been  ob- 
tained  in  the   investigation  which  has   been   described.    - 
(1)    That    Graham's    conclusion    "All   diazo-compounds    having 
more   than  one   benzene   ring   p;ive   the    'hydrogen'    reaction"    is 
subject    to    limitations    for  both  of   t!ie  diazo-compounds    stud- 
ied  which  fall  under   ttiis   head  under   certain   circumstances 
(1)      Ber.    d.    Chem.    Ces.    3-98. 
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give  only   tlie    "alkoxy"    reaction. 

(2)  Metcalf's    su.^iCGstion    that    the   nature   of    the    alcohol   may 
affect    the    reaction  has   been   confirmed  to  a  marked   de/?;ree. 
Take  as    an   example   t otrazo-ditolyli^chloride   and  decompose 
with  methyl    ethyl,  and  propylifalcohol   at   the  boilinf^   points 
of   the   alcohols.      With   the   first,  the    "alkoxy"    reaction   takes 
place  only,    v/ith    the   second  both   reactions    result^  and   with 
the   third  only    the   hydrogen  product    can  be   isolated. 

(3)  This    investigation   sheds   no    light   on   the   problem  as   to 
whether  water   in   small    quantities   favors    the    "alkoxy"    reac- 
tion or  not.      In  those   cases    in  which   the    "hydrogen"    reac- 
tion  took   place   the  addition  of  water  did  not    affect    the   re- 
action.     In   the   other   cases    the  addition  of  -."ater  up    to   15'; 
neither   increased  nor  diminished   the   yield  of   the    "alkoxy" 
product. 

(4)  The  fact    that   for   complete  decomposition   it   was   neces- 
sary  to   heat    the  mixture  of  the  diazo- compound   and   'ilcohol 
made   it    impossible   to   study   t}ie   effect   of  temperature  on   the 
reaction. 

(5)  The  decompositions  of  t  etrazo'^ditolyli^chloride  and  tet- 
razo!^diphenyl^chloride  with  a  iiethyl  alcohol  solution  of  so- 
diumJVmethylate  gave   only   the    "hydrogen"    product   -    a   confir- 
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firmation  of  the   conclusion   first   put    forv/ard   by   Beesen   that 
a   diazo-cor,.;  ound   docomposod   with   this  mixture   c'ave   the  hy- 
drogen  reaction. 

(6)  Bees«n   also   states    that    the  presence  of   sodium^hydrox- 
ide  or   zinc   dust   determined   the    "hydi'ogen"    re-action.      This 
was   also   confirmed- and  moreover,  in   those   cases    in  v/hich   that 
reaction  would   take  place  otherv/i  se  ,the   yields   were   increas- 
ed    by   th-^ir  addition.      Esp.ecially   is    this    the   case   with  the 
addition  of   zinc   dust    in  v/liich   case   the   yields   are   almost 
quantitative. 

(7)  The  method   described   for  the  preparation  of  m»ditolyl 
is   simple,    easily   carried   out,    and   gives   lb%  of  the   theoret- 
ical  yield. 

(8)  The  method   described   for  the   preparation   of  diphenyl    is 
well    suited   for   a   laboratory  method,    being   quickly   carried 
out,    not   dangerous   and    giving   almost    theoretical   yields. 

Ia--cjEinclusion  let   me   add   that    one   need  feel  not    the 
sligiitest    fear   in  working^^TritJac^h^se  diazo-compounds   for 
they   do    damans,  only  under   the  greatest   provac^.tion  such   as 
wp«tla  make   any   self-respecting   chemical    individual   rebel. 
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